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RESEARCH. MEMORANDUM 


COMPILATION OF TEST DATA ON 111 FREE -SPINNING AIRPLANE 

MODELS TESTED IN THE LANGLEY 15 -FOOT AND 

20 -FOOT FREE -SPINNING TUNNELS 

By Frank S. Malvestuto, Jr ., Lawrence J. Gale 

and John H. Wood. ;••• - 


SUMMARY. ; 


A compilation of free-spinning-airplane model data on the spin 
and recovery characteristics of 111 airplanes' is presented- These 
data were previously published in separate memorandum reports and 
■were obtained from free -spinning tests in the Langley 15"foot and 
the Langley 20 -foot free-spinning tunnels. The model teBt data pre- 
sented include the steady-spin and recovery characteristics of each 
model for various combinations .of aileron and elevator deflections 
and for various loadings and dimensional configurations . Dimensional 
data, mass data, and a three-view drawing of the corresponding free- 
spinning tunnel model are also presented for each airplane. The 
data presented should be of value to designers and should facilitate 
the design of airplanes incorporating satisfactory spin -recovery 
characteristics . 


INTRODUCTION 


The spin of an airplane is a complicated three-dimensional 
stalled motion that at present has not been susceptible to a thorough 
mathematical or experimental analysis because of the lack of exten- 
sive, accurate data on the forces and moments acting on a spinning 
airplane. References 1 to 15 are a partial list of papers 'which • 
show in some detail the mechanics of the spin and the complexity of 
the interactions of the inertia and aerodynamic forces causing the 
spinning motion. The results of free-spinning model tests have 
enabled practical studies of the spinning motion to be made and the 
determination of certain mass and dimensional parameters 'which pre- 
dominantly affect the spin-recovery characteristics of an airplane. 

In accordance with a request of the Air Materiel .Command, Army 
Air Forces, the present paper compiles in one paper the results of 
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free-spinning model airplane tests -which have "been conducted in the 
Langley 15 -foot and 20-foot free-spinning tunnels during the years 
from 1935 to 19kk in order , to furnish designers with data to facili- 
tate the design of airplanes incorporating satisfactory spin-recovery 
characteristics. 

The model test data presented have. been. obtained from free- 
spinning-tunnel model - tests for the Army, Navy, Civil Aeronautics 
Administration, and for commercial companies, and include the steady- 
spin and recovery characteristics of each model for various combina- 
tions of aileron and elevator deflections, and for various mass 
loading conditions and dimensional configurations of the model. 
Included also for each model is a table of full-scale dimensional 
data, a table of full-scale mass data, a three-view drawing of the 
model as tested, and a brief re'sume of the test results incorporating 
the more important spin and recovery characteristics of the model. 

For the data presented herein, recoveries were attempted : by 
rapidly and fully moving the control surfaces to any desired posi- 
tion and are independent of the forces required to move the controls. 

7 .SYMBOLS' 7 ; ’ : 7 

wing span, feet ' ! " 

over-all length, feet - '7 7 

c mean aerodynamic chord, inches 

c 0 average chord, inches 

c r root chord, inches 



S 

A 

L ?E» . 

V 


V 


S v\ 


wing area, square feet 
.aspect ratio 
■•. .leading edge 

horizontal tail area, square feet' 

elevator area (aft of hinge line), Bquare feet 




- *. . ■ n 


vertical. ' tail area , sauare 
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S r 

rudder- area (aft of binge line) , square feet 

TDPF 

tail -damping power factor (fig. 5) . v . 1,/. 

me 

unshielded rudder volume coefficient (fig- 5) 

TEE . 

tail-damping ratio (fig* 5) 

; r • 

■ gross weight of airplane, pounds . 

m 

mass of airplane, slugs V ; 

x/c 

ratio of distance of center of -gravity rearward of 
leading edge of mean aerodynamic chord to mean 
aerodynamic ; chordf. posxtiva_when center of gravity 
position is aft of L.E. of c 

z/c 

'j 

...,7 

ratio of distance’ between ceiitef of gravity and thrust 
line or fuselage reference line to length of mean 
■ aerodynamic > chord; positive -when etnter of gravity 
is below thrust line 

X X> X Y> *Z 

moments of inertia about X, Y, and Zbody'axes, respec- 

p 

tively, slug-feet ,,,, , 

T X " X Y 
mb 2 

inertia yawing-moment parameter 

I Y - I z 
mb 2 

inertia rolling-moment parameter 

I Z “ % 
mb 2 

inertia •pitching-moi^ent parameter 

P 

air density, slug per cubic foot 

|i • ";:n •;* hi 

‘ s> airplane relativ© .density (m/pSb) , 

a ( 

angle between .thrust line or fuselage reference line 
and vertical, degrees; approximately equal to ’ . 
absolute value .of angle . of attack at plane of - 
• .. symmetry ■. , 'T. . 

4 

. angle between span axis and horizontal, degrees; posi- 
tive when right or inboard wing is below horizontal 
in a right spin 
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V fullHseale.;. tnje • yate of descent, feet per second;. .. 

ft full-scale angular velocity aboUt spin axis, revolutions 

per seconds V; .r» 

i * . r. ; *a.\ . ' '/ 

cr helix aiigley angle,, between flight path and vertical, degrees 

P approximate angle of sideslip at center of gravity; side- 

slip is positive and inward for a right spin when inopr 
wing is down hy an amount greater than the helix angle 
- o) *• 

6 r • o^ncasmal deflection of rudder, degrees •, 

5 e normal maximm deflection of " elevator, degrees 

'■ ' 5^' normal maximum deflection, of . ailerons, degrees 

- - /formal maximum. degrees 

*■{'* i$B , nv normal maximum extension of Slats . '“ M,: 

U Up ' ' _ 

N neutral v . ,y ! - ... 

D down " ,, w 

F forward v*- 

B back "v.’-: ,-'y s ,. . .. 


■ , . . APPARATUS AND METHODS 

"Models” 

-C'-VJO -V.- . .. 

The construction of ^ee-spinnihg;-tuwel models is described 
, y ... in reference 16. :J Briefly >. pach model was Constructed of balsa to 
”, tV dime^ionfilly similar to tide airplane,. ..and was ballasted for 
^dynamic- jsimi^Hty to ;th,0 ; corresponding airplane by the installation 
'■ Of ipToper -weights’ at suitable l^CStion?^ .. Ap automatic clockwork 
delayed action mechanism or ;a magnetic remote -control mechanism was 
.. , v installed in the model to actuate the. controls for recovery. For 
• attempted ^epoveries using a magnetic; remote -control mechanism, a 
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magnetic field is induced in the test section of the tunnel when 
the tunnel operator closes an electric circuit. The mechanism in 
the model reacts to the induced magnetic field and through a system 
of cords and pulleys the model control surfaces are rapidly moved 
by a rubber band to the desired positions for recovery. The delayed- 
action mechanism which was used in the earlier models for attempted 
recoveries consisted essentially of a clockwork mechanism which 
timed the movements of the control surfaces after a predetermined : 
interval for the intended recovery of the model. 


Wind Tunnel and Testing Technique 

The tests were conducted in the Langley 15 -foot and 20 -foot 
free-spinning tunnels. Sketches of the tunnels are presented as 
figures 1 and 2, respectively. The operation of the 15-foot tunnel 
is described in reference l6j the operation of the 20 -foot tunnel 
is similar to that of the. 15“foot tunnel. 

The models were launched with rotation by hand into the 
vertically rising air stream of the tunnel. For a few . of the 
earlier models the launching spindle method described in refer- 
ence 16 was used. The airspeed was varied by the tunnel operator 
until it equaled the rate of descent the model would have in still 
air. The model was thus maintained at approximately eye-level in 
the test section. 

With the model spinning in the tunnel, observations were made 
of the general behavior of the model, and the airspeed and rate of 
rotation of the model were recorded. The airspeed was obtained from 
a calibrated tachometer, and the rate of rotation was determined by 
■noting with a stop watch the time required for the model to make a 
given number of terms in the spin. The attitude of the model in 
the spin given approximately by a and (ft were obtained from 
moving pictures taken of the. spinning model. Figure 3 shows a 
typical model spinning freely in the Langley 20 -foot spin tunnel. 

For spins,, which had a rate of descent in excess of that which can 
be attained in the tunnel, the rate of descent was recorded as 
greater, than the velocity at the time the model hit the net, 
as >300 feet per second (full scale). 


Interpretation of Recovery Data 

After the established spin of the model’ had been observed and 
photographed, recoveries were attempted from the established spin 
condition. Figure 4- shows photographs of a recovery. The turns 
for recovery are measured from the time the controls are moved to 
, the time the spin rotation ceases . 
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The criterion for a satisfactory recovery from a^spin for the 
models has heen adopted as 2 turns or less. In the resumes of test 
results for the models presented in this paper the word marginal 
indicates that the recoveries were "borderline cases, that is,' 

between 2 and 2 — turns. The recovery characteristics of a model 

of a military ' airplane are considered' satisfactory; if recovery,' from 
the spin; at the normal-spinning control configurations . (rudder full 
with> eleyator full up, and ailerons neuttal)' by rapid full raider 
reversal .requires no more than 2 turns and if small deviations from 

this control do- not causa ; recovery ., to exceed 2^ turns , u For many ‘ 

of the models 5 in this report for ' which results have been compiled, - 
determinations of the dependence of recovery upon- so-called devia-- 
tions involved examination of results at full aileron deflection 
and zero elevator setting. Eecently, however, (reference 17) sma l l 
deviations have been defined as setting phe. elevator at only two- 
thirds of full-up deflection, setting the ailerons one-third of 
full deflection in the direction conducive /to slow.. recovery# -and 
attempting fedoyefy by either mbving the rudder alone to two-'thirds 
of full deflection against the spin, dr 'by this rudder movement -; • : 
ecCompahied by movement of the elevator to .oj^e -third, do'p.. , 

For the spins which had a rate of descent in excess of that 
which could be attained in the tunnel, recovery was ; attempted while 
the model was still' descending .in the tunnel.^ Such results are . con- 
sidered’ conservative inasmuch as the model had not reached its final 
steep attitude. For spins ^ich were steep, with a hi gh. rate of 
descent and for which recoveries, were not attempted, it is probable- 
that if recoveries were attempted they .would have been satisfactory 
(<2- turns) .' For recovery attempts in which the model struck, the -v\- 
safety net while it was still in a spin, the recovery was recorded 
as greater than the number, of turns from the time the, controls -moved 
to the time the mbdSl Struck the net, as for .example >3* , A >3"turn. 
recovery -does not necessarily indicate an improvement over a >6-turn 
recovery.- For the condition in which, the .model stopped rotating 
when launched in a spinning attitude, rudder remaining with the spin, 
the result was recorded as ; ')!Io spin. " ' • 

For a few of the early models' for which the rate of descent of 
the model exceeded the tunnel airspeed an auxiliary plane surface 
was extended from the inboard wing, tip at such an angle to the wing 
chord' plane that the surface, commonly called a pro -spin fin,- caused 
an additional pro -spin yawing moment to act on the model which in 
turn flattened the' spiirrahd 'deOTefi.as4y ; iUw; rate ,o£ .descent* If the 
model recovered satisfactorily from the spin with the pro-spin fin 
attached, it was assumed that recoveries of the model for the same 
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c onf i gurati on and control manipulation without the pro-spin fin 
attached would he satisfactory * She pro-spin fin, because of the 
inaccuracy involved in its usage is not at present considered a 
satisfactory method of obtaining data for models with high rates 
of descent. 


PRECISION 


The results of the free-opirniing-tunnel tests presented are 
believed’ to he the true values given by the model within the 
following limits': ' 


ct, deg •*•••••••<<•*•••••• 

0* dee • * 

V^- percent 

fl, percent ......<<•••• 


±1 

±1 

45 

±2 


Turns for recovery: 

From film . * . . . . ... . .... . . . . . . . . «. » ♦ • 

V . *■ ‘ ' •' 

Fro$i visual estimate' 



Thepreoeding limits may have beon exceeded for certain spins 
in which it was difficult to control the model, in the tunnel because 
of the high' rate of. descent or hecause of the wandering or oscillatory 
nature of the spin* •• 

I - 

Comparison between model and airplane results (reference l8) 
indicates tjjat the sp.in-tr uel results are not in complete agreement 
with airplane spin results. . In general, it is indicated that the 
model spins at a some, what smaller angle “of attack, a somewhat higher 
rate of : descent > and from 5 ° to 10° more outward sideslip. The com- 
parison made in. reference l8 showed bhat So percent of the model 
recovery tests predicted satisfactorily the number of turns required 
for recovery from.' the spin for the corresponding airplanes, and that 
10 percent overestimated and 10 percent underestimated the number 
of turns required. 


’Because of the impracticability of ballasting the model exactly 
'and because of inadvertent damage to the model during tests, the 
measured weight and mass distribution of the. models, in general, 
varied from the true eoaled-dosn values of the airplanes within the 
following approximate limits: 
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Weight, percent ^ 

Center-of -gravity location, percent c 

Moments f ** percent 

of < Iy, percent . 

inertia In, percent ....... 

The limits of accuracy of the measurements of the mass charac- 
teristics were as follows: 

Weight, percent ^ . 

Center-of -gravity location, percent o ... . 

Moments of inertia, percent ......... 

The controls were set with an accuracy of ±1°. 


TEST CONDITIONS 


Spin -tunnel tests are performed to determine the spin and 
recovery characteristics of the model for the norma 1 -spinning .control 
configuration (elevator full'-up, ailerons neutral, and rudder full 
with the spin) and for various other aileron-elevator deflection. ». 
combinations including neutral, intermediate, and maximum deflec- 
tions of the control surfaces for various model loadings and dimen- 
sional configurations. In general, the tests conducted for each 
model were for conditions simulating those at which the airplane 
was generally expected to operate (as determined from the manu- 
. faeturer 's mass reports) and for conditions for which it was 
ascertained that the airplane might have recovery characteristics 
different from those for the normal loading, clean condition of 
th6 airplane.- Clean condition in this paper indicates landing 
gear retracted, canopy closed, flaps neutral, slots closed, spoilers 
neutral, and propeller off unless otherwise indicated. The normal - 
loading conditions tested are listed in tho "mass -data" table for 
each model. The normal loading is the basic loading condition of 
the airplane and all changes in loading usually were made from this 
condition. 

In order to obtain loading conditions other than normal> lead 
ballast was redistributed along the three body axes of the model. 

If it was desired to obtain a change in moments of inertia only, 

' 'the weight and center of gravity of the model were held constant 
and mass was extended or retracted along any one axis, as shown by 
the following table: 


±1 

±1 

±5 


. ±1 
. ±2 
±10 
*13 
±15 
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The effect of center -of -gravity movements on the spin- and 
recovery characteristics of the model in a majority of, cases ■were 
determined hy making changes in the center-of -gravity position, 
•without any change in the values of the freight or moment 3\ of -inertia 
of the model. , . , • - 

.'The normal, maximum,- and; intermediate control surface. 1 deflections 
used for the specific, tests are listed in the dimensionalydata table 
for each mode-1 and also in the chart of test results wherever- con- 
sidered necessary for clarity. 

Dimensional changes were usually incorporated into the model by 
adding .balsa surfaces to the fuselage, tail unit, or . wing. 


..... _ ERF3ENTATI0N OF. DATA 

The following information is presented- in this report -for each 
design': 

(a") Three-view drawing of the model as tested in the clean (or 
normal flying) condition 

(b) Table. of full-scale dimensions and areas of . the .airplane 

* • * -* 

(c) Table of full-scale mass .data .usedjf or : the ballasting of 

the model for the various tests •. 1 

(,d) A resume of. the spin and- recovery 'characteristics of the 
model based upon the presented teat results: and also upon unpublished 
test results of the model not included in the charts of test results 
presented in this paper 
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(e) A chart containing the results of free -spinning tests of 
the model fear various aileron, elevator, and rudder settings and 
various loading conditions and dimensional configurations (on the 
charts the model data are listed as their full-scale equivalents, 
model values having been converted by the relationships given in 
table I) 

(f) Sketches of dimensional modifications tried on the model 
to improve its spin and recovery characteristics, unless modifica- 
tion is obvious (dashed lines in the sketches indicate the dimen- 
sional modifications; the solid lines indicate the original contours 
of the surface) 

The charts are so arranged that the chart caption indicates, 
in gener^i, the configuration of the model for the tests and the 
method of attempted recovery from the spin, for example, "Unless 
otherwise indicated, steady-spin data are for rudder -with spins of 
the model In the clean condition and recoveries were attempted by 
rapid full rudder reversal from right erect spins . " The heading 
for each of the tables in the chart indicates the mass loading of 
the model fear the test results presented in the table, the flying 
condition of the model if different from the normal flying (clean) 
conditio^ and. the position and relative movements of the control 
surfaces during the steady-spin and recovery motions. 

The footnotes given on each chart are used to denote: 

(a) Important and unusual behavior of the model during its 
steady -spin and recovery motions 

(b) Special control manipulations for attempted recovery from 
a spin such as, for example, "recovery attempted by simultaneous 
reversal of the rudder from full with to two thirds against the 
spin and the elevator from two thirds full up to one third down" 

(c) Exceptional mass conditions, control surface deflections, 
or dimensional configurations 

Ailerons against the spin (stick left in a right erect spiri) 
indicate that the aerodynamic rolling moment about the body axis ,. 
contributed by, the ailerons is normally; opposite to the rotation, 
and ailerons id. th the spin indicate, that this moment is in the 
direction of tfrerotation. • 

For the results of -model tests in which the model was spinning 
inverted, the following points shopldvbe noted: 
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(a) All inverted spin data presented are for spins to the 
pilot's left with left rudder pedal forward* The rotation about 
the spin axis as viewed by an observer situated on the spin axis 
above the airplane and looking towards the airplane would be clock- 
wise* 


(b) In ah inverted spin to the pilot's left, the inboard wing 
is actually the left wing of the airplane and this wing' is coii- • 
sidered: up or down depending upon whether it is above or. below the 
horizontal with hespect to the ground. • • 

(c) In the tables, the lateral stick position is indicated 
relative to the pilot, and when controls are "together" (left rudder > 
pedal forward and stick to the left), the ailerons aro considered • 
against the spin aerodynamically . 

(d) The longitudinal position of the. stick is also indicated 
in the tables, relative to the pilot, as stick forward, neutral, or 

back. ' ... . .* " 

On the charts, changes in center -of'- gravity positions are given 
in percent of the mean aerodynamic chord, for example, "center of 
gravity moved forward 0.10c" denotes that the center of gravity has 
been moved 10 percent of the length of the mean aerodynamic chord 
forward from its original position. Changes in moments of ihertia 
are indicated on the chart as percent changes with respect to the 
moment of inertia about s< ie axiB, for example, Aly and Alg **' 0*30 Ij 
denotes that the moment of. inertia about the X-axis and the moment 
of inertia about the Z-axis have both been increased by 30 percent 
of the original value of the moment of inertia about the X-axis. For 
some tests, simulataneous changes were made in center -of -gravity^ 
location and moments, of inertia. For tests with the,, model in the 
landing or take-off condition, the landing gear was extended and the 
flaps, slots, and spoilers were deflected to the positions indicated 
for these conditions in the dimensional-data table. 

Changes in the design of the airplane in order to improve the 
recovery characteristics are denoted by "modification" on the test 
data chart. For example, modification 3, normal loading, means that 
a certain dimensional change has been made to the model when in the 
normal loading for the flying condition noted by the chart caption. 

Modifications 1 and 3> normal loading, indicate that two 
simultaneous dimensional changes were made to the model when it was 
in the flying condition indicated by the chart caption and normal 
loading*. Sketches of modifications accompany all charts unless the 
modification to the design of the model could be simply described. 
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DISCUSSION OF DATA 

Spin and recovery parameters .- The results of free -spinning 
airplane model tests such as those presented in this paper have 
enabled important practical conclusions to be dr aim concerning the • 
established-spin and recovery characteristics of an airplane and 
the variation of these characteristics with the dimensional and 
mass changes of the airplane involved. The basic spin parameters 
presented herein, angle of attack a, angle of wing inclination 
angular velocity about the spin axis 2, the rate of descent V, 
and the number of turns for recovery are indicative of the spin 
and recovery characteristics of the airplane. 

The angle of attack defines approximately the attitude of the 
airplane with respect to the vertical.' .The angle of wing inclina- 
tion is a factor involved in the determination of the angle of 
sideslip and of the direction (and magnitude) of the inertia moments 
• acting- in a spin. The angular velocity 2 is directly responsible 
for jbhe development of the centrifugal forces and moments acting on 
the airplane . The rate of vertical descent V is of importance 
in considerations involving the vertical distance available for 
recovery from the spin. The number' of turns for recovery is used 
at prefbnt for indicating the recovery characteristics of an air- 
plane. A survey of the data presented herein indicates : generally 

.Tor’ 'bh©‘ models tested, the angle of attack may vary- from 15° 

^ ,85^' the angle of wing inclination ±30°, the rate of descent 
from IDO 'feet per second to >600 feet per second, and the number of 
turns for -recovery from less than l/h. to «. . The value of 2 
( revoluti ona /sec) varies approximately from 0*20 to 0.60., For 
.s'cahe of the - models tested the motion in the spin was very oscilla- 
tory arid - wandering - that is, the model would generally pitch, 
roll, and yaw about its body' axes with changing spin radius. The 
. vide variations in the parameters result from the effect of the 
..different amass and dimensional characteristics and control settings 
' for different airplane desi'gis . ... , v 

- ’ t * Epect, .$pins 

In general, it has been found (references . 17 > 19, 20, and 21) 
that the spin and recovery characteristics of an airplane can be 
evaluate*!, in terms of the following mass- and"' dimensional character- 
•vistics . of the airplane; 

V ‘ " .7- 

(a) The relative distribution of the mass of the airplane along 

ly “ Iv 

tho wings or fuselage indicated by the mass parameter — 

mb 2 
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(b) The position of the center of gravity, given hy the 
parameter, x/c 

( c) The relative density of the airplane , given "by the 

m 

parameter, p 

peb 


(d) Tail arrangement and design as indicated hy the value of 
the tail-damping power factor (TDPF) 

These mass and dimensional factors are listed for each model and 
their effect on the spin-recovery characteristics of an airplane 
will he discussed in the following pactions of this paper . It 
should he pointed out that factors fa) to (d) are hy no means 
infallible indications of an airplane 'p spin-recovery character- 
istics hut do indicate general trends founded on the results of 
free-spinning model tests. 


Effect of the mass parameter 


a - % 

mb 2 


. - The inertia yawing- 


moment parameter 


% " h 


mb 4 


indicates the relative distribution of 


the mass of the airplane along the wings and fuselage and has an 
important effect on the control settings and control manipulation 
for satisfactory recovery from the spin. As indicated in refer- 


ence 19, for negative values of 


v-4 


% 


numerically greater 


mb* 


than -50 x 10 “ r (mass distributed chiefly along fuselage), aileron- 
with and elevator-up settings aided recoveries, and the rudder was 
the most powerful control for recovery. When the design approached 
that of multiengine airplanes or single-engine airplanes with wing 

• Xy ■ Xy ■ 

tanks and wing armament, (for negative values of — — - - — numerically 

mb 2 

smaller than -50 x 10 and for positive values) the aileron effect 
and elevator effect reversed; that is, aileron-against and elevator- 
down settings were conducive to. the most rapid recovery and the ele- 
vator became the predominant control for recovery. 

A review of the rosults of tests presented in this paper for 
which the mass was varied along the wings and along the fuselage of 


the. model indicate that the effect of the mass parameter 


% - % 
. mb 2 
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on control setting and manipulation for recovery- is generally in 
good agreement with the conclusions stated above. 

Effect of center -of -gravity .'location *- Reference 20 indicates 

that the spin and recovery characteristics of an airplane may be 
seriously affected by center-of -gravity location. This may be 
particularly true when the recovery characteristics of an airplane 
are marginal. The parameter xfc presented in the mass-data table 
for each model gives the position of the center of gravity relative 
to .’the mean aerodynamic Chord. * The test results and- analysis of- 
reference 20 indicate that- rearward positions of the center of 
gravity are generally adverse, the spins become flatter 'and* " • 
recoveries slower. Movement of the center of gravity forward, how- 
ever, generally steepens the spin’ and improves, the recovery char- 
acteristics.' The" spin - and recovery characteristics of some air- 
planes, however, may be relatively insensitive t<2 center-of-gravity 
movements . 

For most of the models presented in this report the tost 
results do not indicate a serious or systematic effeot of center* 
pf- gravity location on the spin and recovery character! sties, as , 
concluded in reference. 20. The conclusions of reference £0 however 
were based on tests of lightly loaded models at low test altitudes 
for which case the effect of center -of -gravity location may be more 
pronounced than for heavier -loaded military airplanes, tested at 
higher equivalent test altitudes, as generally presented in this 
report. 

gffect of airplane relative density .-“'Variations of the rela- 
tive density parameter u = given, for each model in the mase- 

' ■ ' * - r > 'Vi - PBb- ~ v i 

data table,, may be considered either as variations in the wing 
loading*. of a given.. airplane with- the' radii of gyration fcept constant 
•r> -and. spun -at- a /given altitude or a variation of, the altitude at which 
■the spin takes place for an airplane of fixed wing? loading. 

The lower values of the relative density parameter correspond 
to the lower wing loadings or-i to the lower altitudes of the spin, 
i The results of free -spinning. tests presented in reference 21 indi- 
cated that the lower values of the relative density parameter 
(u varied from 6.8 to I2o0) gave steeper spins and faster recoveries 
whereas the higher values gave flatter spins and slower recoveries. 

In general, as the relative density parameter decreased, the rate 
of descent decreased, and the sideslip became more outward. The 
analysis of results of free -spinning-model tests covering a variety 
of airplane designs, and mass loadings presented in reference 1?, 
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which included most of the data presented herein, indicates that in 
general the effectiveness of a given tail design in promoting satis- 
factory spin-recovery characteristics decreases as the value of p 
increases . 

Effect of tail arrangement and design .- The tail surfaces play 
an important aerodynamic part in determining the spin recovery char- 
acteristics of an airplane. 3pin-tunnel experience indicates that 
if an airplane is to. have safe spinning tendencies, it should .he 
provided with adequate damping from fixed area combined with .suffi- 
cient unshielded rudder area. The first of these provisions tends 
to prevent the development of the flat spin, while the second pro- 
vides sufficient rudder area for satisfactory recovery. The tail- 
damping, power factor • (TDPE) (reference 17) listed in the dimensional 
table for each model' gives an approximate quantitative estimation 
of these two provisions . Figure 5 shows the method of calculating 
the .TIlPF and it can he seen, that the product of the tail' ^damping 
ratio (approximation ef damping' due to side area by considering the 
fuselage area under the horizontal tail as "effective side area") . 
and the unshielded rudder volume coefficient is the TDPF. High 
values of the TDPF, indicative of satisfactory spin -recovery char- 
acteristics, can he obtained by increasing the area under the hori- 
zontal tail (area F in fig. 5), increasing the unshielded rudder 
area (area and .Eg ia fig* 5)> and increasing the length of 

the tail momeiit arm. For models fitted with anti spin fillets (fins 
added to the fuselage adjacent to and generally in the same plane 
as the stabilizer), the tail-damping power factor was computed by 
considering the fuselage area below the fillets as effective in 
damping rotation. The unshielded rudder area. was, however, con- 
sidered unchanged by the fillet. 

Ta il design require ments ' for sati sfactory s pin r ecovery .- The 
minimum value of TDPF required for a given design for satisfactory 
recovery based upon results of free -spinning-model tests Is dependent 

. Iy ” Iy 

upon the value of the inertia yawing-moment parameter — — • and 

. mb 2 

the value of; the relative density factor u of the airplane. 

An empirical requirement which considers the interrelated effect 

Iy “ Iy 

of ji, TDPF, and control manipulation on the recovery 

mb 2 * 

characteristics of an airplane has been presented in reference 17* 
Most of the recovery data used for determining the tail design 
requirements for satisfactory recovery characteristics was obtained 
from the test results of free -spinning models compiled in this report 
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and included monoplane and biplane, landplane and seaplane, and 
single-engine and multiengine designs. The data applied only to 
models in the clean condition (landing gear retracted, cockpit 
closed, flaps neutral, and so forth) . The models were tested with 
various- tail modifications and mass changes and the results of these 
tests were also included in the analysis. Recovery characteristics 
were considered satisfacto: y for this tail design requirement if title 
model recovered in 2 turns or less from the spin whon the model 
was in the normal-control configuration for spinning and if small . 

deviations (criterion spin discussed previously) from, this control 

v 

setting did not cause recovery to exceed 2— turns. 

- The results of the investigation as given ih reference 17 are 
summarized in figure 6 of this report. It .can "be observed that the 
relative distribution of mass along, the wings and fuselage of an 
airplane and the relative density of the airplane as well as the 
design of the vertical tail and relative position of the vertical 
and horizontal tail (tail-damping power factor) are considered •• It 
should be noted on figure 6 that in the region of mass, distribution 

It ” Iy _K - 

froia values of — ~ from -100 x 10 to 20 x 10 , higher 

mb 2 

tail-damping-power factors are required than are necessary on either 
side of this region. If in designing the airplane, consideration 
can be given to the mass distribution and this "critical" region 
can be avoided, a value of the tail -damping power factor considerably 
lower than that indicated for relative densities of 20 or less may 
be acceptable. 


Inverted Spins- 

Inverted -spin tests have been conducted for the majority of £ 
models presented in this report. An analysis reported in refer- 
ence 22 indicates tbatj.: 

’ * i f 

1. Inverted spins are usually steep and therefore the- rate 
of descent is relatively high* For the normal control configure 
tion for spinning, inverted (stick laterally neutral and longi- 
tudinally forward, ' rudder with rotation ) r recovery by.reversal 

* of the rudder alone generally was rapid ( <2 turns) . 

2. Pulling the stick back diminished thb' tendency for the 

models : to spin inverted. ’ ' r> v 

3* The aileron effect was quite marked. Setting the* 
ailerons against the spins (controls together) tended to 
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prevent the inverted spin and setting the ailerons with the 
spin (controls crossed) retarded recovery from the inverted 
spin. •" 

The results and analysis of reference 22 indicate that the 
excellent inverted spin-recovery characteristics of conventional 
airplanes is apparently due to the relatively large values of the 
..tail-damping power factor which the normal tail arrangement would 
have in an inverted spin inasmuch as most of the vertical tail sur- 
face iB usually unshielded hy the horizontal tailplane when the model 
is spinning inverted. 


As mentioned previously, the value of the inertia yawing-moment 
Iv "* Iv 

parameter has a large influence upon the effect of controls 


mb^ 

and control manipulation in recovery from erect spins. Results of 


inverted-spin tests indicate, in general, little effect of 


L X 


mb £ 


on control settings 1 and -control manipulation for the, range of mass 
distribution covered. This .fact may in part be attributable to the 
usually high value of the tail-damping power factor of the vertical 
tail in the inverted position. 


CONCLUDING REMARKS 


1. A large quantity of airplane -model spin data have been 
compiled and are presented in this report. The basic mass and 
dimensional data presented for each airplane together with the 
corresponding results of free-spinning model tests should be of 
value to designers. and should facilitate the design of airplanes 
incorporating satisfactory spin-recovery characteristics. 

2. The results presented herein bear out the conclusions of ' 
previously published data that indications of the spin and recovery 
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characteristics of an airplane' may .be obtained by coneideratlco. of its 
mass dlstrlhuticaa, center -of -gravity positiody and tail arrangement. 
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TABLE I 

DYNAMIC RELATIONSHIPS 

[For dynamic similarity the given relationships hold, 
where N is the Beale ratio 1| 



General 

l/20 scale 

Angle of attack, a 

Constant 

1 

Angle of wing inclination, <f 

Constant 

1 

Angular velocity, A 

i/s/i 

4.47 

Linear velocity, V 

fir 

1/4.47 

Turns for recovery 

Constant 

1 

Linear dimensions 

N 

1/20 

Area 

N 2 

1/400 

Volume and weight 

N 3 

1/8000 

Moments of inertia 

N 5 

1/3,200,000 

Wing loading, W/S 

N 

1/20 
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(a) Diagram of the Langley 20 -foot free-spinning tunnel. 
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ngiey 20 -ioot tree-spinning tunnel. (b) Test section of the 20 -foot free -spinning tunnel. 

Figure 2.- Diagram of the Langley 20 -foot free -spinning tunnel and 

photograph of test section. 
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Fig. 4 




Rudder 

reversed 


Figure 4, - Recovery from an elevator -up spin. Control 

as noted, elevator full up, ailerons neutral. 

(frames 6 to 28). 
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(a) Full-length rudder; a assumed to be 45°. 



Tail Damping Power Factor 
» Tail Damping Ratio x 
Unshielded Rudder 
Volume Coefficient 


FL2 x RiLi + BgLg 
s(b/3) 2 s(b/S) 


(b) Partial -length rudder; a assumed to be 45°; TDR 0.019. 



Figure 5.- Method of computing tail-damping power factor. 
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Fig. 6 
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FIGURE 6 - SPIN-RECOVERY DESIGN REQUIREMENTS FOR 

AIRPLANES WITH RELATIVE DENSITIES 5ETWEEN 0 AND 35. 
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SCALE MODEL OF THE 


NORTHROP A- 17 AIRPLANE 


Dimensional Data 


(Full Scale) 


bj ft .... 
L, ft . . . . 
c 9 in • • • • 

S, sq ft . . 

A 

L.E. o’ aft L.E 
Sjj, sq ft . . 

S e , sq ft (ino 
Sy, sq ft . . 
S r , sq ft ( ino 

6 j., ... 

6 e , deg ... 
®a» <*eg * • * 
6jp> deg ... 
TDPF .... 
Landing gear 


47-70 

32.10 

96.90 

363.00 

....... 6.30 

. c r , in. . . 5.70 

61+.06 

. bal.) . . . 28.26 

26.80 

. bal.) . . . 14.80 

. . . . 30 R, 30 L 

. . . . 30 U, 25 D 

. . . . 30 U, 25 D 

45 D 

70 x 10" 6 

Fixed 



W, Jb 

x,/ 

z/<T 

Ij, slug-ft^ 

Iy, Slug-ft^ 

*Z» slug-ft 2 

Test altitude, ft 

H (at sea level) 

(i* (6000 ft) 


Mass Data 
Normal Loading 
7311 i x - Iy 

0.304 - -- p -- -29 * 10 

0.122 nrtr 

6206 ^Y_-Jz 10 

7677" . m „2 

12,442^*' I„ - l x 

6000 — g- 121 x 10 

5.51 mb 

6.60 NATIONAL ADVISORY 
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Resume of Model Test Results 


In the clean condition, normal loading, normal control configu- 
ration for spinning, the model spun very steeply. With the elevator 
down, two types of spin were obtained, either a very steep and wandering 
spin or a flat spin (data not presented) . 

Extending mass along the fuselage ^ADy and AE^ = 0 .20 Iyj led 

to spins that were flat and stable; as a result, this condition was 
used as the basic condition in determining comparative effects of varioui 
loadings instead of the normal loading. For this condition, recoveries 
from steady spins obtained were unsatisfactory except when the ailerons 
were set full with the spin for which settings the model had a rate of 
descent in excess of the maximum airspeed of the tunnel from which it is 
believed that recoveries would have been satisfactory. 

Extending mass along the fuselage ^AEy and AE Z = 0 .20 Iy.^, 

retracting mass along the wings (aE^ and AE^ = -0.20 1^, extending 

mass along the wings ^AEy and AE^ = 0.20 1^, moving the center of 

gravity back 0.056 from its normal position, or a combination consisting 
of retracting mass along the wings and moving the center of gravity back 
from its normal position generally had no appreciable effect on the 
unsatisfactory recovery characteristics of the model. Deflecting the 
flaps to 15° and to hy* with the mass increased along the wings generally 
led to flat spins from which recovery by rapid full rudder reversal was 
unsatisfactory . 


When the center of gravity was moved forward 0.10c from its normal 
position with the mass distributed along the fuselage (AEy and 

AT Z = 0.20 Iy j, satisfactory recoveries by rapid full rudder reversals 

from spins were obtained with the elevator up and the ailerons neutral. 

The addition of a ventral fin (modification l) slightly improved 
the recovery characteristics of the model; however, recoveries were 
still generally unsatisfactory. NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 
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SPIN DATA OBTAINED WITH THE SCALE MODEL OP THE NORTHROP A- 17 AIRPLANE 


[u* 


eas otherwise Indicated, ateady-apln data are for rudder-with spins of the model in the clean 

condition and recoveries were attempted by rapid full rudder reversal from right erect splns^ 
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^Velocity too high to test. NATIONAL ADVISORY 

bRecovery attempted by simultaneous reversal of rudder and elevator. COMMITTEE FD* AERONAUTICS 
®Steep wandering spin, velocity too high to test. 

^Before recovery was attempted the model was In a steep, fast spin. 

•Visual estimate. 


Modi fi cat ion / 

Additional fin area 
Rudder 2.30 scj.fi. 
Fuselage 2.80 sg fi. 



























































































NACA RM No. L7E15 


25 


* •• 

9 0 

/ • 


>••• 

»••• 


I • 


»• • 
• • 
•• 


~ -SCALE MODEL OF THE DOUGLAS A-20 AIRPLANE 

30 


Dimensional Data 


(Full Scale) 


bf ft * • • • • 

..... 61.33 

Ly ft * • • • • 

47.25 

c, in* « • • • 

100.23 

S, sq ft • • • 

464.80 


8.09 

XieSe 0 fllft LeEe 

c p< in. . . 0.06 

S^I Sq ft • # • 

101.00 

S e , sq ft . . . 

39.80 

Syi sq ft • • • 

62.60 

sq ft # * • 

36.10 

8 r , deg * • # 

. 22.5 R, 22.5 L 

8e* deg • • • 

... 30 U, 20 D 

• • • 

... 12 U, 10 D 

deg • • • 


TDPP • • • • • 

... 314 x 10 “ 6 

Landing gear • 

.... Trioycle 


(Pt-oj.) 



Model as tested. 

Mas 8 Data 


Normal Loading 


W, lb 

19.050 

I x - Iy 

1 , 

x/g 

0.218 


•/S' . , 

-0.060 

mb 2 


I x , slug- ft 2 

33.706 

" X Z 


Iy. Slug— ft 2 

I z# slug-ft 2 . 

24,557 

55,287 

mb 2 


Test altitude , ft ... . 

20,000 

*Z ‘ X X 


(x (at sea level) .... 

• 8.73 

mb^ 

H* (20,000 ft) 

. 16.40 

NATIONAL ADVISORY 
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Re sun©-' of Model Test Results 


In the clean condition, normal loading, the recovery characteristics 
of the model were generally satisfactory although, -when the ailerons were 
set full with the spin, recoveries from spins were unsatisfactory for all 
elevator settings. 


Lowering the flaps 45° either alone or in conjunction with extending 
the landing gear so as to simulate the landing condition did not appreciabl, 
alter the steady spin and recovery characteristics of the model although 
the adverse effect of setting the ailerons with the spin was accentuated. 


Extending mass along the wings (AEy and AI^ =0.30 Ij) had little 

effect on the recovery characteristics of the model. Retracting mass 
along the wings (Aly and AT^ = -0.25 Iy) , extending mass along the fuselage 

(ALy and AI^ = 0.30 Iy), or a combination of these two mass variations in 

addition to an increase in the rudder deflection from 22— R, 22- L to 30 ° R 

30° L improved the recovery characteristics of the model. Recoveries for 
all control settings tested were satisfactory hy rapid full rudder reversal 


Additional test results not presented indicate satisfactory recovery 
characteristics from inverted spins by rapid full rudder reversal. 


NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 
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SPIN DATA OBTAINED WITH THE ^j-SCALE MODEL OF THE DOUGLAS A-20 AIRPLANE 

[unless otherwise indicated, steady-spin data are for rudder- with spins of the model In the clean condition 
' and recoveries were attempted by rapid full rudder reversal from right erect spinsj 
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-SCALE MODEL OF THE DOUGLAS XA-26 AIRPLANE 



Dimensional Data 



(Full Scale) 



b. 

ft ....... . 

• 

70.00 

L, 

ft ....... . 

• 

51.20 

c. 

in* ....... 

• 

97.50 

s. 

sq ft 

• 

51*0.00 

A . 


• 

9.07 

L.E 

!• o’ aft L.E. e r , in 

• 

6.10 

s h» 
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• 

116.10 


sq ft 

• 

32.66 


sq ft 

e 
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s r . 
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e 

23.10 


deg ..... 22.! 

5 R, 

22.5 L 
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50 
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20 

U, 15 D 

6 f» 
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Landing condition . 

• e 

. 55 D 

Take-off condition 

e e 

38.5 D 

TDPF 

111 

X 10-6 

Landing gear .... 

. Tricycle 



Mass Data 
Normal Loading 


w, lb 

. ‘ 25,750 

*fji 

. . 0.281+ 

s/o . 

e • -0.053 

Ij, slug-ft2 .... 

. . 67,827 

Iy» slug-ft 2 .... 

. . 51,109 

I Z , 8 lug- ft 2 .... 

. 115, 191 

Test altitude, ft . . 

. . 20,000 

*i (at sea level) . . 

. . 8.9 

(20,000 ft) ... . 

. . 16.7 


IX - IY 
mb 2 

i Y - T Z 

mb 2 

i z - 

mb 2 


1*3 x 10“^ 

-165 x 10“^ 
120 x 10*^ 
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Besume of Model Test Results 


For the XA— 26 model, tests were conducted only for the 
normal loading condition inasmuch as a comparison of the XA— 2 6 
model with the A— 20 model previously tested showed the models 
to he generally similar in mass and dimensional characteristics, 
an indication the the spin and recovery characteristic of the 
models would he similar. 

In the clean condition, normal loading, normal control 
configuration for spinning, the model spun steeply (a = 27°) and 
recoveries were satisfactory hy rapid full simultaneous reversal 
of rudder and elevator, hy simultaneous neutralization of rudder 
and elevator, or hy rapid full elevator reversal, hut were 
unsatisfactory hy rapid full rudder reversal alone. With the 
elevator neutral, the spin was steep and recoveries were satis- 
factory hy rapid full rudder reversal; with the elevator full 
down the model would not spin. Setting the ailerons with the 
spin retarded recoveries and recoveries hy rapid full rudder 
reversal were satisfactory only for the elevator down position; 
setting the ailerons against the spin expedited recoveries. 

The recovery characters! tics of the model when in the 
landing condition (landing gear extended, flaps down 55°) were 
generally inferior to the recovery characteristics in the clean 
condition; however, simultaneous reversal of rudder and elevator 
led to satisfactory recoveries. 

There was little difference in the general spin and recovery 
characteristics of the model between the clean condition and the 

take-off condition (landing gear extended, flaps down 38-^°) . 
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SPIN DATA OBTAINED WITH THE —SCALE MODEL OF THE DOUGLAS XA-26 AIRPLANE 

^Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean 
condition and recoveries were attempted by rapid full-rudder reversal from right erect spins ] 
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a Wandering and oscillatory spin* 

^Oscillatory spin. 

^Recovery atteumted by simultaneous reversal of rudder and elevator. 
a Recouery attempted by simultaneous neutralization of rudder and elevator. 
^Recovery attempted by full -elevator reversal. 

r Model. goes into inverted spin upon recovering from erect spins, 

®Steep spin. 
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~ -SCALE MODEL OF THE BREWSTER XA-J2 AIRPLANE 


Dimensional Data 


(Full Scale) 


b, ft 

.... 1 + 5.08 

L, f t 

. . . . 39.19 

c, in. ...... 

.... II 8.38 

S, sq ft 

.... 1 + 25.00 

A . . 

.... 1+.78 

L*Ee C &ft LeEe Oj* ) 

in. . • IO.58 

Si., »q ft 

.... 121.78 

S”, sq ft 

.... 39.56 

S^, sq ft 

.... 1+7.140 

Sj., sq ft 

.... 16.80 

6 r . deg 

. . 25 R, 25 L 

6 0 » deg 

. . 25 u, 15 D 

6 a * deg 

. . 25 0, 20 D 


Intermediate aileron deflections: 


« a (lA), deg ... . 5|u. 5|D 

6 ( l/3 ) , deg .... 8— D, 8 D 

a 2 

6 a (1/2), deg .... 12 U, 11 D 

deg 60 D 

TDPF 108 x 10“® 

Landing gear .... conventional 



Model as tested. 


W, lb 

x/o" ....... 

zA ...... . 

l x , slug-ft^ . . 

l y, slug-ft^ . . 

Ig. slug-ft^ . . 

Test altitude, ft 
P (at sea level * 
M * (17,000 feet). 


Mass Data 

Normal Loading 


lii,790 

0.271 

-o.oi+5 

23.696 

22,500 

i+5.503 

17,000 

10.09 

17.12 


T X ~ T Y 

mb^ 

iy - T z 

mb^ 

H - ix 

mb^ 


13 x 10A 
-225 X kA 

212 x kA 
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Resume of Model Test Results 


The model spun steeply In the clean condition, normal loading, 
and normal control configuration for spinning. Recoveries were 
satisfactory by simultaneous reversal of rudder and elevator. With 
the elevator either neutral or down, satisfactory recoveries could 
be obtained by rapid full rudder reversal. Setting the ailerons 
against the spin improved the recoveries of the model, whereas 
setting the ailerons with the spin prolonged the recoveries of the 
model from spins. 

Extending mass along the wings and AI Z * 0.27 I^, along 

the fuselage (aI y and AE Z * O.29 IyJ, or moving the center of 

gravity back 0.10c from its normal position (data not presented) 
had no appreciable affect on the spin or recovery characteristics 
of the model. The recovery characteristics of the model were 
satisfactory •when the model was ballasted to represent the airplane 
without wing guns and wing gun ammunition (AIj and AI Z * -0.3^ 

and AIy and AI Z * 0.10 Iy) except when the ailerons were with 
the spin. 

The steady spin and recovery characteristics of the model in 
the torpedo, dive bombing, or landing conditions were, in general, 
similar to the clean condition, normal loading. 

Recoveries attempted by rapid full rudder reversal from inverted 
spins were unsatisf actory ; however, satisfactory recoveries were 
obtained by rapid full rudder reversal with the controls together 
(modification l) when the horizontal tail was lowered 10 inches, 
full scale from its original position. Adding area to the top of 
the vertical tail (modification 2), led to inverted spin recovery 
characteristics similar to those obtained with modification 1. 

Increasing the rudder area approximately k percent by a constant 
chordwise extension and varying the rudder travel had little effect 
on the recovery characteristics of the model. 
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SPnf DATA OBTAINED WITH THE -—SCALE MODEL OP THE BREWSTER XA-52 AIRPLANE 

indicated, steady-spin data are for rudder-wlth spina of the model In the clean 
condition and recoveries were attempted by rapid full-rudder reversal from right erect spins] ' 
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a Oscillatory spin, where range of values is not given, 
average value is presented. 

^Recovery attempted by reversal of elevator alone. 

^Recovery attempted by freeing both rudder and elevator. 

^Recovery attempted by simultaneous reversal of rudder 
and elevator. 

e Model goes into Inverted soin after recovery from erect 
spin. 

^Steep spin. 

®Model spina with increasing radius. 


NATIONAL ADVISORY 

h Model will spin. COMMITTEE FOR AERONAUTICS 

*Two types of spin. 

^Steeper spin also obtained. 

^Model goes into inverted glide after recovery. 

^Recovery attempted before model reached final attitude. 
m Model spins with large radius. 
n Visual observation. 

°Variable rate of rotation, average value given. 
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SPIN DATA OBTAINED WITH THE —-SCALE MODEL OF THE BREWSTER XA-32 AIRPLANE - Concluded 

[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model In the clean 
condition and recoveries were attempted by rapid full-rudder reversal from right erect spins£ 
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m 

m 

m 

!B9 

lisa 

IE9 

9 

El 


m 

IB 

EE 


ina 

im 

m 

N 

0 

s 

P 

1 
n 

I 



E9 

El 

m 

El 

m 

0, deg 

59 

i 

B3 

EE 

m 

IE3 

IE3 

B 

El 

N 

O 

EH 

IE3 

EE 


IQ 


EEI 

m 

ES3 

El 

m 

E9 

D 

-ft, rps 

SB 

25 

m 


1EES 

\m 

IGE 

B 


BE? 

m 

25 


|Q2 

IBS 

•E 

B9 

22E 

omi 

be 

23 

BH 

V, fps 

HE 

EEJ 


m 

m 

m 

\m 

a 

ESI 

s 

gg 


gg 


IBS 

IBS 




sn 

gg 

ggj 

mg 

Turns 

for 

recovery 

*i 

k 

>5 

2 

i 

>h 

4 

k 4 

\ 



t 

n 

B 


E 


>4 

”4 

n 4 

3 

>5 

B 

s 3 


E 

i 


Inverted spins, normal loading 

Rudder area increased 
If.. 2 percent. Normal 
loading. 

a Oscillatory spin, where range of 
is not given, average value is 

vale 

prea 

ies 

anted 

Rudder move- 
ment 23 0 witt 
to 14 0 
against the 
spin 

Rudder move- 
ment 14 0 witt 
to 230 
against the 
spin 

E 

C F 

d B 

ecovery attempted by reversal of 
elevator alone. 

ecovery attempted by freeing both rudder 
and elevator, 

ecovery attempted by simultaneous 
reversal of rudder and elevator, 
odel goes into inverted spin after 
recovery from erect spin, 
teep spin. 

odel spins with increasing radius, 
odel will spin; 

Mo types of spin, 
teeper spin also obtained, 
lodel goes into inverted glide after 
recovery. 

ecovery attempted before model reached 
final attitude 

odel spins with large radius, 
visual observation. 

Variable rate of rotation, average 

Ailerons 

Against 

Neutral 

With 

Neutral 

Neutral 

e l 

Ele vat or 

U 

(ar ) 

N 

D 

U 

(a) 

D 

U 

N 

(2) 

U 

(ar) 

N 

(a) 

D 

u 

(ar] 

(?) 

D 

f 5 

a, deg 

k2 

62 

67 

55 

59 

71 

62 

72 

6U 

62 

57 

69 

— - 

— 

— 

— 


- 

$ 

4 

0, deg 

0 

1U 

0 

lu 

6u 

kt> 

0 

0 

ID 

6u 

.... 

... 

... 

... 


- 

l. 

ft, rps ! 

6. 1*7 

0.57 

0.70 

cZ? 

0.55 

0.69 1 

0.54 

0.53 

0.57 

— 

— - 

... 

... 


- 


V, fps 

239 

179 

1?0 

207 

179 

157 

197 

195 

179 

242 

328 

239 

57k 

... 

339 

>4i< 

- 

% 

n \ 

°\ 

Turns 

for 

recovery 

2 I 

8 

00 

9 

00 

n >7 

9 

00 

00 

n co 

n 1 

>5 i 

n l 

nA 

>2 

... 

** 

ln i 


value given. 

^Recovery attempted in steep phase of 
oscillation, 
q 

After recovery, model enters spin in 
opposite direction. 
r Wandering spin. 

3 After recovery model goes into Inverted 
dive. 
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Modification 1, inverted spins, 
normal loading 

Modification 2, Inverted 
spin, normal loading 

Ailerons 

Against 

Neutral 

With 

Agains t 

Neutral 

With 

Elevator 

U 

(ar) 

N 

(a) 

PH 

U 

N 

D 

(a) 

U 

N 

D 

U 

N 

U 

N 

u 

N 

o, deg 

37 

— 



V 

— 

4o 

55 

— 

5k 

— 

— 

— 

— 

— - 

— 

0, deg 

10U 

ID 

— 

o 

s 

0 

— 

6u 

5I> 

0 

— 

2D 

... 

— - 

... 

.... 


- 

ft, rps 

o.45 

— 

p 

i 

aU6 

0.50 

3.52 

0.J4.9 

— 

0.55 

— 

— 

— 

— 


— 

V, fps 

272 

272 

n 

238 

229 

232 

220 

207 

210 

— 

— 

— 

— 


— 

Turns 

for 

recovery 

1 

4 

ZJ 


4 

... 

i 

3 

n _ 

>7 


k 

— 

— 

4 

.... 

— 

- 


Modification ! Modification Z 
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—SCALfc MODEL OF THE FLEETWINGS XA-39 AIRPLANE 


Dimensional Data 
(Full Scale) 

(Values are the same for both the 
original and revised designs ex- 
cept where noted) 

b, ft 55.70 

L, ft Uk.91 

c; in. 121.50 

S, sq ft 513.00 

A 6.02+ 

L.E. c aft L.E. c r , in. . 6.9O 

®h» 

Original design .... H3.IO 
Revised design .... 110.00 


S e * sq ft 

Original design 59*55 

Revised desigi ..... 26.30 
S T , sq ft 

Original design 63*00 

Revised design 50.2+2 

S r , sq ft 

Original design 25*20 

Revised design 18.81 

6 r , deg 25 R, 25 L 

6 e » de § 25 U, 25 D 

6 a , deg 20 U, 20 D 


6f, deg (take-off cond.) . « 30 D 
(landing cond.) . . 50 D 

TDPF 

Original design 
Revised design 
landing gear 




. 2+28 x 10-6 

. 11+5 x 10" 6 

Conventional 


£ thrust- 



rudder hinge 


Mass Data 
Normal Loading 
(Original Design) 


w, lb 

16,160 

I X - Iy 


O 

1 

z- 

x/c* 

. 0.261+ 

2 

>35 * 

*/c * * * * 0 

-0.02+5 

mb 



I X , slug-ft^ * 

21, 180 

I Y " I Z 


, -h 

Iy, slug-ft^ ...... 

IZ, s lug— f t^” 

26,700 

2+5,870 

mb 2 

Io * T v 

10 4 


Test altitude, ft * * * * 

20,000 

2 L x 
— 


10 _i+ 

^ (at sea level) * * • * 

* 7*2+0 

mb^ 


+t’ (20,000 ft) ..... 

. 13*89 
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(Revised Design) 


¥, lb 11,9*2 

x/c 0.313 

z/c -0.047 

slug-ft 2 22,298 

l y, SlUg-ft 2 33,837 

l z , slug-ft 2 55,253 

Test altitude, ft ... . 20,000 

ji (at sea level) 8.22 

li' ( 20,000 ft) 15.15 


lx - It 

... -67 X 10 " 1 * 

mb 2 

Iy - IZ 

. . . -124 X 10 -4 

mb 2 


X Z ' X X 

• • • • 

„ . , _4 

... 191 x 10 

nib 2 



Resume' of Model Test Re salts 


In the clean condition with the original normal loading and tail 
design, or with the revised normal loading and tail design, the recovery 
characteristics of the model were satisfactory. 

Extending mass along the wings (AI^ and AI^ equal approximately 
O .30 I x ) for both tail designs caused recoveries from aileron-with spins 
to be unsatisfactory. Retracting mass along the wings (Aly and AE^ = O .083 

extending mass along the fuselage (Aly and AI^ = 0.19 Iy), or moving 

the center of gravity 0.105 forward or 0 . 06 c rearward from its original 
position had no appreciable affect on the satisfactory recovery character- 
istics for the model equipped with the original tail. 

For the landing condition (model equipped with the revised tail), 
unsatisfactory recoveries were obtained only when the ailerons were 
against the spin with the elevator either neutral or down. 

Recoveries by rapid full rudder reversal were satisfactory from 
all inverted spins obtained. NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 
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SPIN DATA OBTAINED WITH THE SCALE MODEL OF THE FLEETWING3 XA-39 AIRPLANE 

{Unless otherwise Indicated, steady-spin data ape for rudder-wlth spins of the model In the clean condition with 
the original tall design and recoveries were attempted by rapid full rudder reversal from right erect spinsj 


Original normal loading 


AI X and M z = 0.28 I x 
(from original normal loading) 


With 

u 

( b) 

N 

D 


40 

40 



5U 

5U 


0.49 

0.50 


265 

215 

215 

3 

3 

4 


AI X and Mi - -0.083 1% 
(from original normal loading) 


Against 

tt I N 


Neutral 


mth 


Against 


Full 


TT" 

(a) I (a) 


Neutral 


U [So t} N [ T> 
(a) 


Against 

tr 


tr i sf | f>’ 

(a) 


With 


u | tf | e 

(ab) (a) (a) 


U | N | D 
( a) 


__ 

(ab) 


a, deg 


0, deg 


A, rps 


V, fps 


Turns 

for 

recovery 


p300 


>375 p375 


b375 


P’350 


[>376 


>3?S 


Aly and dig = 0.19 Iy 
(from original normal loading) 


c.g. moved forward 0.10c 
(from original normal loading) 


Ailerons 


Against 



Neutral 

With 

D 

U 

(a) 

N 

(a) 

D 

u 

(ab) 

N 

(a) 

D 

(a) 

28 



25 




... 





lou 



4U 









— 


— — 

0.73 

— 

— 

— 

to 

-0 

7375 

>375 

304 

7350 

>375 

>375 

3 

1 

C 1 

C 1 

2 

1 

C 1 

c 3 

4 

C 1 

Ojl 

1 2 


Against 


Neutral 
17<5u 


Full 


~ U - 

(ab) 


U 

(a) 


a, deg 


0, deg 


A, rps 


V, fps 


Turns 

for 

recovery 


P> : 

i - 


u 

(a) 


1 il 


M 


c.g. moved back 0.06o 
(from original normal loading) 


Revised design, revised normal loading 


Revised design 
and AI2 “ 0*35 I x 


with 

u 

(b) 

IS 

(b) 

D 


36 

36 


— 


E2 

B9 

BS 

EES 

jjm 

gjjjjj 


B 

B 

B 


Ailerons 


Against 


With 


Against 


W 

(ab) I (a) 


Full 
TJI HI Dl 


(a) 


With 


Il I 

i 


Against 


TJ I N I D'" 
(ab) (a) (a) 


TH TT D| 


Neutral 

nu 


“IT 

(a) 


V N 
(a) (a) 


a, deg 


0 f deg 


A rps 


V, fps 


>375 


7300 


>375 


>300 


>375 


>375 


Turns 

for 

recovery 


Cdg 


ci 

■* 


c i— 

2 

c 2 

-H 


M 


Revised design - landing condition, 
revised normal loading 


With 

1 

RSI 






— 

mm 


mm 



mm 

^Bi 

■■ 

mm 


Bit 


EbbJ 




■ 




Revised design - take-off 
condition, revised normal loading 


With 

u 

(b) 

n 

(b) 

ij 

(a) 




kmm 

IBB 

hBB 

ppp 

HH 

■■ 


Bfii 

IBB 

wmm 

ppppi 

■pi 


Mm 

Ipppp 

E 

JJ 

52 

3 

1 

Q 


Revised design - inverted spins, 
revised normal loading 


With 

U 

(ab) 

K 

(ab) 

(ab) 

SB 


— 

ppppi 

PPPPP 

mm 

SB 

IBB 

mm 

ppppi 

ppppp 

mm 

BB 

hBB 

mm 

SB! 



B 

B 

B 


Ailerons 


Against 


Against 


Neutral 
¥ 


Against 


Elevator 


IJ 

(ab) 




SB 


mm 


SI 


mm 

■pppp 

BS 

m; 

SE| 


1 

1 


a, deg 


0, deg 


A, rps 


V, fpa 


Turns 

for 

recovery 


I? 350] a 
P 
i 


a Steep spin, vertical velocity too high to test. 

^Wandering and oscillatory spin. 

c Recovery attempted before final steep attitude was attained. 
^Recovery attempted by neutralizing the rudder. 

®Model recovers of its own accord from spin due to initial launching, 
then goes into an inverted dive. 

%odel recovers in an inverted dive. 
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—-SCALE MODEL OF THE CONSOLIDATED VULTEE XA-1+1 AIRPLANE 
20 


Dimensional Data 


(Full Scale) 


b, ft 

• • • • 5k • oo 

L, ft 

• • • e • 66 

S', in 

. . . 133.86 

S, sq ft ..... 

•. . . 5i4;»oo 

A 

e • • • 5*3 ^ 

Lie E* 0 ftft Le£e C * 

in ..... 0 

S h , sq ft 

. . . 130.02 


• e • • Uk * 

Sy| 8 <J ft • • • • # 

.... 59.02 

S r , sq ft 

.... 23 .OO 

6 r . deg 

. 30 R, 30 L 

6 e» d ®S 

. 30 U, 25 D 

6 a * deg 

. 20 U, 20 D 

6 a , deg (revised 
deflection) . . 

. 30 U, 10 D 

6 ft deg 

• e • # I4.5 D 

TDPF 

. 1017 X 10 “ 6 

Landing gear . . . 

. Retractable 



Mass Data 


Normal Loading 


W, lb 

18,800 

I x - Iy 




. 0.230 

O 

z/o ...... 

. 0.050 

mb^ 


I x , slug-ft 2 ...... 

21,655 

t Y ~ h 


Iy, Slug-ft^ 

U t-,586 

CVI 


I z , slug-ft^ ...... 

63,263 

i z - H 

. , , -k 

Test &ltitudd| ft # # # » 

15,000 

O 


|i (at sea level) • • . • 

. 8.37 

mb* 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

^ ( 15,000 ft) 

. 13.29 
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Maximum Gross Weight Loading 


w, lb 

. . . 24,197 

*/e 

.... 0.260 

z/c ........ 

.... 0.020 

Ij, slug-ft 2 . . . 

• • • 33,728 

Iy, SlUg-ft 2 . • . 

. . . 46,848 

I^, slug-ft 2 • . . 

. . . ?6,9l4 


Test altitude , ft ... . 15,000 
I* (at sea level) . . . . . 10.73 
n' (15,000 ft) 17.09 


I X “ 

... -60 x 10" 1 * 

mb 2 

" Z Z 

. . . -137 x lO -4 

mb 2 

I Z " X X 

... 197 X ixT* 


mb 2 


Resume' of Model Test Results 


For erect spins of the model, satisfactory recoveries by rapid full 
rudder reversal were obtained for the normal and maximum gross weight 
loadings, for the normal loading with the center of gravity moved rear- 
ward 0.10c from its normal position, and for the landing condition (flaps 
down 45°, landing gear extended) and bombing condition. Recoveries from 
inverted spins were also satisfactory. 

A change in aileron deflection from ±20° to 30° up and 10° down did 
not alter the recovery characteristics of the model. 

NATIONAL ADVISORY 
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SPIH DATA OBTAINED WITH THE j^«4CALE MODEL OP THE CONSOLIDATED VULTEE XA-4* AIRPLANE 

{Unless otherwise indicated, steady-spin data are for rudder-with spin of the model In the clean 
condition and recoveries are attempted by rapid full rudder reversal from right erect spins] 



Normal loading 

Maximum gross weight, weight 

loading (24,197) 


Ailerons 

Against 

Pull 


Neutral 

With 

Against 

Neutral 

With 


Elevator 

IN 

B 

ai 


B 

N 

(b) 

19 

B 


■ 

■ 

m 

IB 

B 

B 

B 

B 

la 

B 

B 

■ 

a, deg 

a 

E9 

a 


a 

m 

m 

H 

HI 

a 

17 

a 

32 


H 

H 

i 

H 

H 

H 

■ 

0, deg 

a 

D 

6 u 


a 

a 

a 

D 

HI 

a 

a 



lu 

H 

H 

m 

a 

H 


m 

Q, rps 


ara 

(SHI 


a 

HS 

HE 

EH3 

m 

9 

33 

B 

0 . 1+6 

O .56 






... 

... 

... 


V, fps 



201 

511 

{J 


W53 

mB 

278 

272 ^ 

>339 

339 


291 

E 

359 

284 

BBS 

>272 

>375 

>375 


Turns 

for 

recovery 

1 

i 

2 l 

V 

| 

I 

i 

1 


II 


H 

1 

1 

1 

1 

1 

1 

>4 

c i 

”1 



c.g. moved back 0 . 10 c 

Flaps down 1+5° » 
normal loading 

Landing condition, 
normal loading 


Ailerons 

Against 

Neutral 

With 

Against 

Neutral 



Neutral 

With 


Elevator 

m 

N 

(a) 

D 

(a) 

U 

(g) 

N 

D 

(a) 

m 

N 

(a) 

D 

U 

(h) 

P 

D 

U 

(h) 

p 

a 

U 

(hi) 

N 

D 

U 

(hj> 

u 

iJl 

N 

D 

U 

N 

D 

U 

ILL 

a 


a, deg 

a 

i 

1 


E 


B 

a 

31 

G 

E 

IE 

B 

Q 

B 

a 

N 

0 

s 

p 

1 
n 

N 

39 

N 

0 

s 

P 

1 
n 

44 

44 

N 

N 

0 

3 

P 

1 
n 

N 

0 

3 

P 

1 
n 

B 

i 


0, deg 

B 

1 

i 


1 


B 

a 

ai 

ESI 

E 

IE 

B 

B 

1 

a 

0 

s 

6 u 

Q 

II 

N 

B 

a, rps 

BS 

s: 





a 

a 

as 


EE 

m 

EE 

!ES5 

p 

- 

P 

0.52 


mfl 


B 

V, fps 

BS 

S3 

m 

IS? 

ffiB? 


m 

SB 

a 

S3 

m 

SEP 


\m 


BE 

B 

m 

ESS 

BH 


WL 

Turns 

for 

recovery 


i 

t 

1 

K 

c i 

2 


1 



i 


55 

i* 

2 


I 

1 


H 

* 

1 


3 

4 


Bombing condition 
open), normal 1 

{bomb -bay doors 
oading 

Inv 

srted 

spins, normal loading 

a Osclllatory spin; where 
range of values is not 
given, average value 
is presented. 
b Two types of spin. 

°Recovery attempted before 
model attained final 
altitude. 

^Recovery attempted by 
neutralizing the rudder. 

Ailerons 

Against 

Neutral 

With 

Against 

Neutral 

With 

Elevator 

U 

N 

D 

U 

(i) 

N 

D 

U 

(i) 

N 

D 

U 

N 

D 

U 

U) 

N 

D 

U 

N 

D 

a, deg 

— 

44 

42 


— 

21 


— 

— 

N 

29 

32 

— 

28 

30 

— 

— 

— . 

0, deg 

— 

8 u 

6 u 

— 

... 

1 U 

— 

— 

--- 

0 

0 

0 

— 

6 d 

ID 

— 

— 

— 

CL, rps 

— 

o.3S 

o.ia 

--- 

--- 

0.81+ 


--- 

— 

s 

3.4 ^ 

o.Sl* 


D.50C 

• 6 * 

— 

— 

— 

V, fps 

jolt 

220 

213 

271 

>3W 

539 

>272 

>339 

>539 

P 

272 

261 

272 

281+2 

84 

>319 

>339 

> 301 * 

e 

Recovery attempted by 
-e versing the rudder 
"rom 30 ° with to 20° 
igainst the spin. 

iffodel enters left inverted 

Turns for 
recovery 

1 

2 



1 

1 

2 

iti 

IT 

C 1 

C 1 

2 


I 

n 

l i 

a 

1 

1 

2 

1 

2 

2 

=*1 

cl! 

2 

Cl i 

2 

f 



Dorsal fin and radio 1 

sop Installed on model, normal loading 

spin after recovery. 

®Model spins in large 
radius with slow rotation. 

^Model spins with slew 
rotation. 

^Wandering and oscillatory 
spin. 

^Two conditions possible. 

^Visual observation. 

^Model recovers from 
inverted spin* rolls 
over, and begins erect 
spin. 

Ailerons 

Against 


Neutral 

With 

JO 0 U, 10° D 

20° U, 20° D 


20° U, 20° D 

| 30 ° tr, io° d 

Elevator 

U 

(i) 

N 

D 

U 

(g) 

N 

D 

U 

(i) 

N 

D 

U 

(1) 

N 

D 

u 

(i) 

N 

D 

a, deg 

— - 

26 

29 

28 

29 

58 

— 

23 

25 

— 

— 

— 

— 

— 

N 

0 

s 

P 

1 
n 

0> deg 

— 

0 

0 


2D 

5U 

— 

ID 

2U 

— 

— 

— 

— 

— 

0, rps 

— 

0.60 

0.57 

0.37 

0 . 1*3 

0.1*9 

— 

0.60 

0.68 

— 

— 

— 

— 

*— 

fps 

>30l* 

285 

265 

284 

265 

239 

>325 

336 

298 

> 301 * 

> 371 + 

> 371 * 

265 

>360 

Turns 

for 

recovery 

C 1 

2 

l 

4 

l 

1 

c 

l 

l fc 


1 

1 

2 

1 

1 

2 

1 


C 1 

°i 

>* 

Cl 

2 
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1/25-SCALE MODEL OF THE BREWSTER XSB2A-1 AIRPLANE 


Dimensional Data 


(Full scale) 


b, ft 47.00 

L, ft J8.02 

F, in 101. 2b 

S, sq ft 379.20 

A . 5.83 

L.E. c aft L.E. c r , in . 5*05 

Sh» sq ft 74*20 

S e , sq ft 33*90 

Sy, sq ft 30.00 

sq ft I6.I4.O 

deg 30 R, 30 L 

deg 30 U, 20 D 

deg 30 U, 15 D 

deg (diving cand.) 60 U, 60 D 

6f, deg (landing cond .) . . 60 D 

TDPF 313 x 10"^ 

Landing gear . . Conventional 


J r» 


«e' 

6 a* 

6f, 



Mass Data 



Normal Loading 

W, lb . . . . 

.... 10,112 

x/c 

.... 0.257 

z / c • • • • • 

• • • » o • 025 

I X) slug-f t^ . 

.... 8,874 

I Y ,slug-ft^ . 

.... 20 , 544 

I2,slug-ft^ . 

.... 28,443 

Test altitude. 

ft . . . 10,000 

u (at sea level) . . . 7 

( at 10,000 

ft) . . 10.08 


IX ~ IY 
mb^ 

lY ~ lz 

mb^ 



NATIONAL ADVISORY 

comma for aeronautics 


-168 x lcr 


-114 x io - ' 


282 x io -1 



NACA RM No. L7E15 


42 


Resume of Model Test Results 


For the normal loading, clean condition, normal 
configuration for spinning, the spin was oscillatory 
model had a high rate of descent. Recovery by rapid 
reversal or by simultaneous reversal of the elevator 


was satisfactory 


turn and ^ turn, respectively^. 


control 
and the 
full rudder 
and rudder 

When the 


elevator was set full down before reversing the rudder, the spin 
wae flattened, the vertical velocity was decreased, and recovery 


became unsatisfactory 



Setting the ailerons against 


the spin had little effect on the recovery characteristics of the 
model> whereas setting the ailerons with the spin expedited 
recoveries. 


Extending the mass along the wings (AT^- and AI Z * 0.30 Ij), 

extending the mass along the fuselage (Aly and AEg = 0.15 Iy), or 

moving the center of gravity forward 0 . 03 c or rearward 0 . 05 c 
from its normal position (data not presented) generally had 
little effect upon the spin and recovery characteristics of the 
model. The installation of two scaled-down 100-pound bombs on 
the wings of the model had little effect on the recovery charac- 
teristics of the model (data not presented) . 


For the normal fighting condition (gun turret raised), the 
recovery characteristics of the model were similar to the recovery 
characteristics for the normal— loading clean condition. 

For the normal diving condition (split dive flaps 60 ° up 
and 60 ° down, and gun turret raised), for the normal-loading 
condition with the landing flaps 60 ° down and canopy open, or 
for the landing condition (landing gear extended, landing flaps 
down 60 °), the model generally would not spin for any elevator-up 
settings. For the elevator-down settings, recoveries obtained by 
rapid full rudder reversal were satisfactory only when the 
ailerons were with the spin. 


The model would spin inverted for stick forward and to the 
left. Recovery by rapid full rudder reversal was satisfactory 
(data not presented). 
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SPIN DATA OBTAINED WITH THE SC ALE MODEL OF THE BREWSTER XSB2A-1 AIRPLANE 

[unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean condition 
and recoveries were attempted by rapid full rudder reversal from right -erect spins] 
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B 

■9 

1 

I 

B 

B 

B 

8 

1 

1 

1 

E 

m 

B 

Mi 

BS 

p 

B 

MS 

inni 

B 

m 

o 

B 

m 

K3 

m 

9 

99 

m 

p 

9 


I Q, rps 
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□ 
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Landing condition, normal loading 


a Hlgh vertical velocity. 

“Wandering spin. 

^Oscillatory spin. 

“Wandering and oscillatory spin. 

e Recovery attempted by simultaneous reversal 

_ of rudder and elevator. 

Recovery attempted by neutralizing the 
rudde r . 

^Recovery attempted by moving the rudder 
. from neutral to full against the spin. 
n No spin. 
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-SCALE MODEL OF THE CURTISS XSB2C-1 AIRPLANE 


Dimensional Data 


(Full Scale) 


b. 

ft 


. 50.00 

L, 

ft 


. 35.35 

C, 

in v 


109.30 

s. 

sq ft ...... 


1 + 22.00 

A . 



. 5.92 

L.E 

• o’ aft L.E* c r , in 


. 0.70 

S h* 

sq ft 


. 82.80 


sq ft 


. 30.60 

S v* 

sq ft 


. 30.20 

$r> 

sq ft 


. 17.00 

®r» 

deg 

30 

R, 30. L 

6 e , 

deg 

35 

U, 20 D 


deg 

35 

U, 20 D 


deg (l/2 stick) * 

114 

U, 11 D 

8f» 

deg (landing cond* 

* 



lower flap) . . . 

• * 

. 60 D 

5f, 

deg (diving cond.* 




split flaps) • . 

60 

U, 60 D 

TDPF 

69 

x 10" 6 

Landing gear . * • Conventional 



Mass Data 
Normal Loading 


W, lb 10,189 

xfa 0.229 

z/F 0.010 

Ij£, slug-ft^ 8150 

l Y , slug-ft^ 13,1+75 

l z , slug-ft* 20,1+70 

Test altitude, ft ... . 10,000 

+1 (at sea level) 6.3 1 

n (10,000 ft) 8.55 



-68 x 10 
-88 x lo" 1 * 
156 x 10"^ 
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Resume of Model Test Results 


In the clean condition, normal loading, normal control 
configuration for spinning, the model spun at a moderately 
steep angle of attack (a * 39°) and satisfactory recoveries 
(<2 turns) could he obtained only by simultaneous reversal of 
rudder and elevator. With the elevator either neutral or down, 
recoveries were unsatisfactory when attempted by rapid full 

rudder reversal turns and L turns, respectively^ Setting 

the ailerons partly or fully with the spin steepened the spin 
and satisfactory recoveries were obtained, whereas setting the 
ailerons partly or fully against the spin flattened the spin 
and, in general, unsatisfactory recoveries were obtained. 


Extending mass along the wings (Aly and AT g .= 0.40 Iy) 

reversed the aileron effect, whereas extending mass along the 
fuselage (AXy and Alg = 0.40 Iy) accentuated the adverse 
effect of setting ailerons against the spin. 

Opening the rear cockpit (fighting condition) had little 
effect on the recovery characteristics of the model. 

With the model in the diving condition (split flaps 60° 
up and 60° down, and rear cockpit open), or landing condition 
(landing gear extended, slots and cockpit open, and flaps 
down 60°), the recovery characteristics of the model were 
unsatisfactory. For the landing condition, raising the flaps 
(slots open, cockpits open, and the landing gear extended) 
did not improve the recovery characteristics of the model. 


For inverted spins, the recovery characteristics of the model 
were satisfactory. 


The addition of ventral fins and rudder extensions 
(modifications 1 to U, inclusive) improved the recovery 


characteristics of the model. 
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SPIN DATA OBTAINED WITH THE SCALE MODEL OP THE CURTISS XSB2C-1 AIRPLANE 

(Uhlesa otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean 
condition and recoveries were attempted by rapid full-rudder reversal from right erect spins j| 
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—-SCALE MODEL OF THE CURTISS SB2C-1 AIRPLANE 
20 


Dimensional Data 


(Full Scale) 


b, ft . . 
L, ft . . 

c , in . . 

S, sq ft 
A . . . . 
S h , sq ft 

s e» S< 1 ft 
S v , sq ft 

S r , sq ft 
6 r » d©g • 


. . 50.00 
. . 33-61 
. 109.30 

. 1(22.00 

. • 5.92 

. 107.1(0 

• • 35.91+ 
. • 1+5.70 
. . 23.58 
25 R, 25 L 


6 e , deg 35 U, 20 D 

6 a , deg 20 U, 10 D 

6f, deg ( landing cond.) . . 60 D 

(diving cond.) 3® 0, 30 0 
(take-off cond.) . 30^ 

TDPF lUO x 10" 6 


Landing gear . . . Conventional 



Mode/ as tested. 


Mass Data 


Normal Loading 


W, lb 

12,677 

x/ c . 

. 0.281+ 

z/cT »•••*•••••• 

. 0.009 

lx, slug-ft2 

12,1+10 

Iy, slug-ft^ 

18,1+60 

Iz, slug- ft 2 

29,300 

Test altitude, ft ... . 

10,000 

(i (at sea level) .... 

• 7.85 

n’ (10,000 ft) 

. 10.1+3 


& x 10-i* 

Bib 2 

Iy - I7 1 

— -113 x 10"^ 

mb 2 

— — 175 x 10"^ 

mb 2 
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Preliminary tests revealed a difference between right and 
left spin recovery characteristics of the model. Apparently 
asymmetry of the model caused the differences in spin charac- 
teristics, as additional tests indicated that a fin offset of 1-1° 

2 

was not the primary cause of the variations of recovery charac- 
teristics between right and left spins. 


In general, for either right or left spins for all loadings 
and control settings tested, the recovery characteristics of the 
model were unsatisfactory. In an attempt to improve the recovery 
characteristics of the model the horizontal tail was raised 
20 inches, full scale (modification 1) . Satisfactory recoveries 
were obtained when the elevators were full up with the ailerons 
neutral or with the spin. For other aileron- elevator settings, 
recoveries were unsatisfactory . The addition of large antispin 
fillets (modification 2) slightly improved the recovery charac- 
teristics of the model although recoveries were still unsatis- 


factory for elevator .up spins. Smaller antispin fillets 
(modification 3) had nc effect. Adding a small area to the 
bottom of the rudder (modification 4) did not improve the 
recovery characteristics of the model appreciably (data not 


presented) . 
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SPTK DATA OBTAINED WITH THE 7 ^- SCALE MODEL OF THE CURTISS SB2C-1 AIRPLANE 

otherwise indicated, steady— spin data are for rudder with spins of the model in the clean condition 
and recoveries were attempted hy rapid full rudder reversal from erect spins] 



Normal loading, left spin 


a Steeper spin also obtainable, 
recovery may be rapid. 

^Oscillatory spin. 
c Steep oscillatory spin. 
d Model goes Into inverted spin 
upon recovery. 

®Two types of spin. 

Wandering and oscillatory spin, 
^Steep spin. 

^No-spin condition also obtainable. 
^Wandering spin. 
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SPIN DATA OBTAINED WITH THE «£— SCALE MODEL OP THE CURTISS SB2C-1 AIRPLANE - Concluded 
20 

{Unless otherwise indicated, steady-spin data are for rudder-witfc spins of the model in the clean 
condition and recoveries were attempted by rapid full rudder reversal from erect spins] 
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^Steeper spin also obtainable, recovery may be rapid# 
•'Oscillatory spin, 

°Steep oscillatory spin. 

“Model goes into inverted spin upon reoovery. 
iTwo types of spin, 
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^Wandering spin# 

^Steeper oscillatory spin also obtainable. 

*140 del goes into left spin upon recovery. 


Modification / 
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SCALE MODEL OF THE CURTISS XSB 3 C -1 AIRPLANE 

20.833 


Dimensional Data 
(Full Scale) 


b, ft 

. . 51.95 

L, f t 

• • 37.55 

o’, in 

. H1.35 

S, sq ft 

. 451.08 

A 

• e 6* 00 

L*E# c Lt E* Cj. f in 

. . O .37 

Sfa* »q ft • ••••* 

. 107.00 

S e , sq ft 

. . 29.00 

S,., sq ft 

. • 47*90 

S r , sq ft 

. . 21.30 

6 r » de S 

30 R, 30 L 

8 e * d ®S 

35 u, 20 D 

®a» de £ 

25 U, 15 D 

6 a , deg (landing condi- 

- 

tion) drooped . . 

. 15 D 


(Aileron deflections measured 
from chord plane) 
deg (landing condition). 60 D 


deg (diving condi- 
tion) ...... 

TDPF 


30 u, 30 D 

2$k X 10" 6 


Landing gear ... Conventional 



Mass Data 


Normal Loading 


W, lb 14,058 

x/cT 0.2l|4 

z/c" ............ 0.000 

I x , slug-ft 2 16,100 

I y» elug-ft 2 20,800 

I z , slug-ft 2 35,200 

Test altitude, ft ... . 10,000 

ji (at sea level) 7*83 

p* (10,000 ft) 10.51 




J Z “ *X 


mb* 


-4o x io -4 

122 x 10"^ 
162 x 10 -i * 
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Resume of Model Test Results 


For the clean condition, normal, loading, and nor mal control 
configuration for spinning, the model spin was oscillatory 
recovery "by rapid full rudder reversal or hy simultaneous reversal 
of madder and elevator was satisfactory. Recoveries obtained "by 
neutralizing the rudder were unsatisfactory (>6 turns). With the 
elevator either in the neutral or full-down position (ailerons 
neutral), recoveries obtained by rapid full rudder reversal were 
unsatisfactory. Setting the ailerons with the spin for any 
elevator setting produced unsatisfactory recoveries from all spins, 
whereas setting the ailerons against the spin improved the 
recoveries . 

i 

Extending mass along the wings (AI^ and AT Z = 0.30 Ij) or 
along the fuselage (Aly and AI Z = 0.25 Iy) or moving of the 
center of gravity forward or back (±0 .053) from its normal 
position had little effect on the steady- spin or recovery 
characteristics of the model. 

For the landing condition (landing gear extended, lower 
surface split-type flaps down 60 °, ailerons drooped 15°, and 
slots open), recoveries by rapid full rudder reversal were 
either impossible or unsatisfactory. With the model in the 
landing condition but with the slots closed, satisfactory 
recoveries were obtained when the elevator was full up, ailerons 
neutral, or when the ailerons were full with the spin. Tests 
conducted with the model in the landing condition with the 
ailerons not drooped indicated an aileron effect similar to 
that obtained for the clean condition, normal loading. 

The steady-spin and recovery characteristics of the model 
in the diving condition (split dive flaps up and down 30°) were, 
in general, similar to those of the model in the clean condition, 
normal loading. 

The addition of area to the bottom of the fuselage and to 
the lower part and trailing edge of the rudder, modification 2, 
improved the recovery characteristics of the model in the 
landing condition, although recoveries obtained by rapid full 

rudder reversal were marginal f 2^ turnsy . Either increasing 
the tail length 1 foot (full scale) or 'increasing the tail 
length 1 foot in conjunction with raising the horizontal tail 
1 foot (full scale) had little effect on the recovery charac- 
teristics of the model in the landing condition (data not 
presented) . 
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A series of tests (data not presented) was conducted varying 
the location of the slots when the model was in the landing 
condition. (See sketch of slot positions.) Decreasing the slot 
opening (positions A3, Ag, and A^) progressively improved the 

recovery characteristics of the model, whereas varying the slot 
positions, as shown "by Bj_, B^, and B3, had little effect on 
the recovery character! sties. Slot positions C^, C 2 , and 
improved the recovery characteristics slightly. The most 
favorable position of slots for spinning, either A^ or C 2 , 

still did not lead to satisfactory recoveries. 

Recoveries from all inverted spins obtained were satis- 
factory by rapid full rudder reversal. 
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3TBADY-SPIN DATA OBTAINED WITH THE 


-SCALE MODEL OP THE CURTISS X3B5C-I AIRPLANE 


[unless otherwise indicated* steady-spin data are for rudder-with spins of the model in the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spins] 
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Inverted spins, normal loading 


Modification 1, 
landing condition 


Modification 2, 
landing condition 
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K Steep and 
oscillatory spin. 


Steeper spin ob- 
tained occasionally* 

^Oscillatory spin. 

c Recovery attempted 
by neutralisation 
of the rudder. 
^Recovery attempted 
by simultaneous 
reversal of rudder 
and elevator. 
en No apin'* conditim 
obtained occasionally. 
f Steep spin* 

® Mo del recovered in 
approximately 3 turns 
when launched with 
rudder full 
against the spin. 

‘ h Two types of spin. 

* Wandering and 
oscillatory spin. 


^Visual observation. ^Model recovered In 
approximately 2 turns 
when launched with 
rudder full 
against the spin. 
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Slot Locations Tested on Model 



Modifications / and 2 
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-SCALE MODEL OP THE DOUGLAS XSB2D-1 AIRPLANE 


Dimensional Data 



(Pull Scale) 


b. 

ft «•••«• 

• 

. . l£.oo 

L, 

ft *•••«• 

• 

. . 38.57 

c. 

in§ 

• 

. loli.Uo 

s. 

sq ft • ♦ • • • 
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A 

**9 + « *** 
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• 
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s r » 
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• 
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• 
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deg • • • # • 

• 
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«a. 

deg • • • • • 

• 

20 U, 15 D 

6 f» 
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Landing condition 

# 

38 D, 55 D 
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slat 


type dive flaps 

• 

92 U. 92 D 

TDPF 

» • 

32 x 10-6 


Landing gear ... Conventional 




Mass Data 


Normal Loading 


W, lb 
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*/£ 

0.261 

s/e 

-0.009 

I X . slug-ft* 

13.934 

Iy, slug-ft^ , 

25.533 

Ig, slug-ft^ 

37»832 

Test altitude, ft ... . 

10,000 

Alternate test altitude, ft 

25,000 

p (at sea level) .... 

11.30 

p ( 10,000 ft) 

15.31 

p (25,000 ft) 

25.20 


T x 

iy - iz 

mb^ 


-126 x 10"4 
- 13 U x 10“^ 


260 x nr** 
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Resume^ of Model Test Results 


For the clean condition, normal loading, normal control 
configuration for spinning, the model spun steeply, descended 
rapidly, and recoveries were satisfactory "by rapid full rudder 
reversal or simultaneous neutralization or reversal of rudder 
and elevator. With the elevator either neutral or down, 
recoveries were retarded slightly hut still satisfactory hy 
rapid full rudder reversal. 

Setting the ailerons with the rotation steepened the spin 
and satisfactory recoveries could he obtained hy rapid full 
rudder reversal. Setting the ailerons against the rotation, 
flattened the spin and satisfactory recoveries could he obtained 
only when the elevator was full -up. 

Extending or retracting mass along the wings (Aly and 
AE Z = 0.i»0 I x or -0.20 Iy) or fuselage (ATy and AE Z = ±0.175 Iy) 

or moving the center of gravity forward 0.11c or hack 0.07c 
from its normal position generally had little effect upon the 
recovery characteristics of the model. 

For the torpedo loading, recoveries similar to those for 
the normal loading were obtained when the ailerons were neutral 
or with the spin. Recoveries were slow or impossible when the 
ailerons were set against the spin. 

Recoveries from fully developed spins of the model in the 
landing or take-off condition were usually slow or impossible 
except when the ailerons were set with the spin. 

The recovery characteristics of the model in the dive- 
bombing condition were in general similar to those for the 
normal flying condition. 

Alternate aileron deflections of 25 U and 15 D and of 15 U 
and 10 D (data not presented) or the installation of dorsal fins 
(modifications 1 and 2) did not appreciably alter the general 
recovery characteristics of the model. 

Recoveries from all inverted spins obtained were satis- 
factory by rapid full rudder reversal. 

Increasing the test altitude to 25,000 feet generally led 
to spins from which recoveries were slower than for the 
corresponding spins at a test altitude of 10,000 feet. 
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[unless otherwise Indicated, ateedj-ipin data are for rtidder-wlth spins of the model in the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spine 


Normal loading 
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^•Recovery attempted 
before final steep 
spin attitude was 
attained. 

^Model oscillatory in 
roll. 


^Visual observation. 
^Model went into inverted 
spin upon recovery 
from erect spin. 

“Two conditions possible. 


n Wandering spin with 
violent whipping 
motion. 

°Steeper spin also 
obtainable . 
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Pandering spin. 

^Whipping motion. 

c Steep and wandering 
spin . 

^Staep spin. 

®Recovery attempted by 
neutralization of 
rudder. 

^Recovery attempted by 
simultaneous reversal 
of rudder and elevator. 

^Recovery attempted by 
simultaneous 
neutralization of 
rudder and elevator. 

^Recovery attempted by 
rapid movement of 
rudder to 2/3 against 
the spin. 
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SPIN DATA OBTAINED WITH THE ~SCALE MODEL OP THE DOUGLAS XSB2D-I AIRPLANE - Continued 


Qjnless otherwise indicated, steady-spin data are for rudder-with spins of the model In the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spins 
at an equivalent test altitude 10,000 feetj 
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Dive-bombing condition, 
normal loading 

Modification 1, 
normal loading 

Ailerons 

Against 

Neutral 

With 

Against 

Neutral 

With 

Elevator 

U 

i*L 

N 

D 

U 

(c) 

N 

D 

U 

(c) 

N 

D 

(d) 

U 

(a) 

N 

D 

U 

(c) 

N. 

D 

U 

(be) 

N 

D 

(d) 

a f deg 

2k 

1*4 

48 

— 

27 

... 

... 

... 

... 

25 

38 

47 

— 

— 

24 

... 

— 

— 

0, deg 

2U 


2U 

--- 

1U 

— 

— 

— 

— 

2D 

3U 

3tf 

— 

— 

0 

— 


— 

(l, rps 

0.72 

o.la 

o.h-i 

... 

0.61 

... 

... 

... 

... 

.0.45 

9,4? 

9,49 

wummm — 


0.69 

... 





V, fps 

298 

213 

2014 . 

>504 


... 

>504 

... 

>359 

298 

232 

201 

>33? 

.... 

298 

>325 

... 

>339 

Turns 

for 

recovery 

1 

2 

A 

<4 

5 

il 

2 

1 

2 


il 

4 

— 

ill 

2 

2 

4 

xi 

4 

3 

3- 

2 

5 

4 

il 

4 

— 

1— 

4 

u 

2 


i*i2 

4 



Inv 

nor 

erted spins, 
mel loading 



Equivalent test altitude 
25,000 feet, normal loading 

Ai lerons 

Against 

Neutral 

With 

j Against 


sutral 


Full 

5°D 

5°D 

N< 


With 



Elevator 

U 

N 

D 

U t 

fa) 

D 

U 
{ a ) 

N 

D 

U 

(ft) 

N 

D 

u 

(. 0 1 

U 

(d) 

N 

D 

U 

(hr.) 

N 

fd) 

15°D 

(d) 

D 

(dm) 

(m) 

cl, deg 


N 

0 

3 

P 

1 
n 


28 

N N 

55 

28 

26 

52 

61 

6l 

— 


54 

56 




— 

— 

0, deg 

N 

N 

2D 

4d 

6d 

kD 

0 

0 

0 

— 

— 

2D 

ID 

— 

— 

— 

— 

— 

il, rps 

o 

0 

0.45 

0 0 

s s 
P P 

1 i 
n n 

o.*£ 

0.14 

4-0-54 

0.35 

o.ia 

0.46 

— 

.... 

0.4l 

0.42 

— 

— 

— 

— 

— 

V, fps 

s 

p 

s 

p 

298 

261 

265 

268 

265 

226 

236 

272 

>339 

239 

239 

>339 

>339 

>339 

>339 

288 

Turns 

for 

recovery 

i 

n 

i 

n 

ekj 

4 

i 

1 

2 

1 

e 2: 

< 

k3 

t 

L 

> ek 

5 

A 

i 

CO 

00 

% 

ik,l 

2 

4 

00 

ikU 

l 2 

ikpl 

4 

1 2 

lk l| 

ik 2 

ik i 

>5 


a Wandering spin. 

^Whipping motion, 
c Steep and wandering spin. 
d Steep spin. 

©Recovery attempted by neutralization of rudder. 

f 

Recovery attempted by simultaneous reversal of 
rudder and elevator. 

^Recovery attempted by simultaneous neutrali- 
zation of rudder and elevator. 

^Recovery attempted by rapid movement of rudder 
to 2/3 against the spin. 


^•Recovery attempted before final steep spin 
attitude was attained. 

*^Model oscillatory in roll. 

^Visual observation. 

^Model went into inverted spin upon recovery 
from erect spin. 
m Two conditions possible. 
n Steeper spin also obtainable. 
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SPIN DATA OBTAINED WITH THE —--SCALE MODEL OF THE DOUGLAS XSB2D-1 AIRPLANE - Concluded. 


[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spins at 
an equivalent test altitude 10,000 feet] 
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^Visual observation. 

^Model went into Inverted spin upon recovery 
from erect spin. 
ra Two conditions possible. 

Pandering spin with violent whipping motion. 
°Steeper spin also obtainable. 


a Wandering spin. 

^Whipping motion. 
c Steep and wandering spin. 

^Steep spin. 

e Recovery attempted by neutralization of rudder. 
^•Recovery attempted before final steep spin 
attitude was attained. 


Modification / and Z 
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--SCALE MODEL OF THE CHANCE- VOUGHT XSB2U-1 
16 


Dimensional Data 


(Full Scale) 
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Resume^ of Model Test Results 


The model would not spin for the normal loading, clean 
condition, and normal control configuration for spinning. With 
the elevator set full down, the model spun at a moderately flat 
angle of attack (a » k8°) and recovered "by rapid full rudder 

reversal in 2r turns, 

h 

For the normal loading condition, landing gear extended, 
setting the ailerons with the spin indicated a favorable effect 
on the recovery characteristics of the model. Setting the 
ailerons against the spin had little effect on the recovery 
characteristics . 

Extending the mass along the wings (My and AT^ = 0.l8 Ij) 
or along the fuselage (£Iy and Alg = 0.18 Iy) had no appreciable 
effect on the recovery characteristics of the model. 

With the ailerons drooped 10°, the steady spins were flat 
for the aileron-against spins and unsatisfactory recoveries were 
obtained; there was no apparent change for the aileron-neutral 
or aileron-with spins. 

Extending the flaps had little effect upon the recovery 
characteristics of the model. 

Moving the vertical tail back 2 feet (full scale) from its 
normal position indicated a detrimental effect on the spin and 
recovery characteristics of the model. 
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SPIN DATA OBTAINED WITH THE -—-SCALE MODEL OF THE C H ANC E- VOUCH T XSB2U-1 AIRPLANE 

16 

(unless otherwise indicated, steady-spin data are for rudder-wlth spins of the model in the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spins] 
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125 

■ 

B 

B 

B 

V, fps 


Turns 
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movements on turns for recovery, landing 
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Els vator 


ll6 pound bomb added 


500 pound bomb added 


1000 pound bomb Added 






4I X 

and A!,, 

= 0 . 18 ^ 

ai y 

and AI^ 

= 0,09 Iy 

ai y 

and AI^ 

= 0.18 Iy 

c.g. 

> moved 

forward 0.03c 


Elevator 


a, deg 6l 60 I|_3 55 


0 , deg 3U 3U 


A, rps O.l+l 0*45 0. 3I4. 0.44 


V, fps I 116 


Turns 

for 

recovery 


Ailerons drooped 10 , normal loading, 
landing gear extended 


Against 


15” D 


DUD 


Turns 

for 

recovery 



1 


K 4 5 


Flaps 45° down, normal loading, 
landing gear extended 


Flaps 45 ° down, ailerons drooped 10°, 
normal loading, landing gear extended 



Ailerons 

El 

9 vator 

a. 

deg 


deg 

-fl* 

rps 

V, 

fps 
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9° U 
4*5° d 


Neutral j ^o 
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D 

11 

D 
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1 D 

57 
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57 
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3U 

3U 

1 

- 

2U 

- 

ID 

: 0.39 

Z9BZ9B 

0.40 

mmm 

112 

n 
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Turns 

for 

recovery 


a Model gradually goes into spiral glide. 

^Steep high vertical velocity spin. 
c Re cove ry attempted by neutralizing the rudder, 
^ Visual observation. 
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— SCALE MODEL OF THE DOUGLAS SBD-1 AIRPLANE 

20 


Dimensional Data 


(Full Scale) 


b. 

ft . . . 

• • • 

• • • 

1+1.51 

L, 

ft.. . . 

• • • 

• • • 

31.70 

c. 

in* • « 


* • ♦ 

97.50 

s. 

sq ft . 


. . . 323. 80 

A . 


• • • 

* • * * 

5.32 

L.E 

o’ aft L 

E. o r . 

in. . . 

5.50 

V 

sq ft . 

• • • 

• • • 

70.76 

S e . 

sq ft . 

• • • 

• • • 

18.62 

s v . 

sq ft . 

• • • 

* • • 

22.1+5 

s r . 

sq ft * 

• • * 

« • « • 

9.92 

®r* 

deg . . 

• • • 

. 30 R, 

, 30 L 

6e» 

deg . . 

* * • 

. 30 u, 

, 20 D 

«a» 

deg . . 


. 17 u, 

, 10 D 


deg (landing condition. 

1+3 D 

center and 

outer flaps) • 


deg (diving condition) 

1+2 D 

Center and 

outer flaps . 

Outer upper 

■ flaps 

. . . 37.5 y 

TDPF . *. . . 

• ♦ • 

• • i). ^ 

< 10“° 

Landing gear 

• « • 

Conventional 



Mass Data 


W, lb 

7.615 

V<[ 

0.267 

s/c .......... . 

o.oi+o 

I X , slug-ft* 

1+.81+1 

Iy, slug-ft^ 

8, 692 

I z , slug-ft 2 

12,5 1 + 1 + 

Test altitude, ft * • • • 

10,000 

(at sea level) .... 

. 7 . 1*0 

n' (10,000 ft) 

10 .02 


Normal Loading 
! x - 


mb 

iy ~ i z 


mb 

h * 


ix 


mb 4 


-91+ * 10 


rh 


-95 x 10 


rh 


109 X 10 


rh 
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Resume" of Model Test Results 


For the normal loading clean condition, normal control 
configuration for spinning, the model spun with a vertical 
velocity exceeding 270 feet per second (full scale) and 
recovered in l/2 turn when the rudder was reversed fully and 
rapidly. With the elevator set 5° up "both a flat spin of low 
vertical velocity (1*1-0 feet per second) and a steep spin of 
high vertical velocity (234 feet per second) were obtained. 

From the low vertical velocity spin, recovery by rapid full 
rudder reversal was unsatisfactory (» turns), whereas the model 
recovered in l/2 turn from the other type spin. With the elevator 
set at neutral, a flat spin was obtained from which the model 
did not recover by rapid full rudder reversal. With the ailerons 
set partly or fully against the spin, satisfactory recoveries 
could not be obtained for any elevator setting. Setting the 
ailerons full with the spin had a favorable effect and satis- 
factory recoveries were obtained even with the elevator full 
down. 


With the mass extended or retracted along the wings 
(Aly and = ±0.15 Iy), or extended or retracted along the 

fuselage (My and AEg ** 0.20 Iy, or = -0.10 Iy), or a movement 
of the center of gravity forward 0.065 or rearward 0.05c the 
recovery characteristics of the model were similar to those 
obtained for the normal loading, clean condition. 

For the landing condition (canopies open, landing gear 
extended and lower flaps 43° down) and the diving condition 

(rear canopy open, lower flaps 42° down, upper flaps 37^° up), 
satisfactory recoveries were obtained only when the ailerons 
were full with the spin. 

The model would spin inverted only when the stick was 
full forward and to the right. For this spin the vertical 
velocity of the model exceeded the maximum tunnel airspeed 
(data not presented) . 

The addition of a ventral fin (modification 1) generally 
improved the recovery characteristics of the model. 

Raising the horizontal tail surfaces 20 inches full scale, 
and replacing the part length rudder with a full length rudder 
(modification 2) enabled satisfactory recoveries to be obtained 
from all elevator-up spins; whereas with the elevator either 
neutral or down the recoveries were marginal. 
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SPIN DATA OBTAINED WITH THE SCALE MODEL OF THE DOUGLAS SBD-1 AIRPLANE 

[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model In the clean condition 
and recoveries were attempted by rapid full rudder reversal from right erect spins] 


Normal loading 





a Steep spin. 
b Two types of spin. 

c Recovery attempted by simultaneous reversal of rudder and ailerons. 

^Recovery attempted by simultaneous reversal of rudder, ailerons, and elevator. 
e Recovery attempted by simultaneous reversal of rudder and elevator. 
f Rudder reversed before final steep attitude was obtained. 

^Recovery attempted by neutralizing rudder. 

^Wandering and oscillatory spin. 

^-Flat spin. 

^Oscillatory spin. 
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Unless otherwi se Indicated, steady-spin data are for rudder-with spins of the model In the clean condition 
and recoveries were attempted by rapid full rudder reversal from. right erect spin0 



C.g. moved back 0.05c 1 

Landing condition, normal loading 

Ailerons 


|| 

With 
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With 
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U 
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El 

E 
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72 

80 
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55 

65 
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El 

0 

B3 
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0 
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HE 


BBS 


EE! 


BE! 

BBS 



- ^ f F s 

H3I 
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BEE 

i IR?i 
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HU 


!BBI 


■BBB 
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g 

CM 

A 

o 

w 

A 

| 

Turns 
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r<?ggvery 

D 

D 

a 
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a 

a 


Bi 

a 

a 

a 

a 

a 

a 

a 





Diving cone 

iition, normal loading 

Modification 1, 
normal loading 

a 

todif 3 

catic 

n 2, 

normal 

load 3 

ng [ 

Ailerons 

i 

Igains 

t 

Neutral 

with 

Against 

Neutral 

Against 

Neutral 

With I 

Elevator 

U 

N 
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D 

B 

m 

9 

a 
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m 

m 
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B 

B 

m 

D 

D 

N 
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D 

f fl 
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68 
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Bm 

K9 

fci 

IQ 

ww 

j 

i 

mm 

IB 

m 

mm 
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EEFEI 
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a 

El 

a 

a 

a 

a 

IB 
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*Steep spin. 

^Rudder reversed before final steep attitude was obtained. 
^Wandering and oscillatory spin. 
jFlat spin. 

J Osc illatory spin. 
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^•-SCALE MODEL OF THE MARTIN B-26 AIRPLANE 



Dimensional Data 



(Full Scale) 


b. 

ft 

. 65.00 

L. 

ft 

. 58.21 

c. 

in 

121.60 

s. 

sq ft ........ 

612.00 


A 6.90 

S h , sq ft 130.30 

S e , sq ft 5U*08 

S v , sq ft 65.65 

S r , sq ft 33 • 18 

6 r , deg 25 R, 25 L 

6 e , deg 25 U, 15 D 

6 a . deg 25 0, 15 D 

8f» deg 55*? 

TDPF 517 x 10" 6 

Landing gear 



Tricycle 



Mode / as tested. 


Mass Data 




Normal Loading 


W, lb 

. . . 26,59k 

x/<r 

• • « • 0* II4I4. 


. . . -0.018 

1^, slug-ft^ . . . 

. . . 63,651 

Iy, SlUg-ft^ . . . 

. . . 69,798 

Ig, slug-ft . . . 

. . . 129,371 

Test altitude, ft . 

. . . 10,000 

1^ (at sea level) 

.... 8.7k 

n' (10,000 ft) . . 

.... 11.85 



-17 X 10-k 
-170 x 10'^ 
187 x 10 
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Resume of Model Test Results 

Although complete data could not he obtained for the model 
at normal control configuration for spinning, normal loading, or 
clean condition because of high rate of descent, the results indi- 
cate satisfactory recovery characteristics if rudder and elevator 
vere both reversed. Extending mass along the wings (ai y 
and AI Z = 0.30 I x ) or fuselage (ae y and £E Z = 0.30 I Y ), or 

deflecting the flaps 55° and the landing gear did not alter the 
recovery characteristics of the model appreciably. 


SPIN DATA OBTAINED WITH THE ^.-SCALE MODEL OP THE MARTIN B-2 6 AIRPLANE 

{Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spins] 


Normal loading 


Aly and Ain = O.JOl x 



^ide radius spin, vertical velocity too high to test. d Recovery attempted by simultaneous NATIONAL ADVISORY 


°Recovdry attempted by neutralizing the rudder* 
c Model went into a wide spiral after rudder reversal. ^Oscillatory^pin* 1 t0 t9St ’ 


reversal of rudder and elevator. COMMITTEE FOR AERONAUTICS 
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- 1 — SCALE MODEL OF THE NAVAL AIRCRAFT FACTORY SBN -1 AIRPLANE 
18 


Dimensional Data 
(Full Scale) 


b, ft 

. . . 39.00 

L, f t 

. . . 27.83 

c, in* 

. . .83.30 

s , sq ft 

. . 258.00 

A . . . 

. . . 5.90 

S h , sq ft 

. . . 61.12 

S e , sq ft . 

. . . 27.07 

Syf sq f’fc *•«••• 

. . . 25.77 

Sft sq ft ..... . 

. . . 13.53 

« r # deg 

50 a, 30 L 

6 e » deg 

30 D, 20 D 

6 a » deg 

30 U, 15 D 

6 x»» deg (landing cond.) . • 60 D 

deg (diving cond. 

, split 

flaps) . . . . . 

60 U, 60 D 

TDPF 

. 73 x 10 ‘ b 

Landing gear * . . 

Conventional 



Mass Data 


Normal Leading 


W, lb 

. • . 5938 

I x - Iy 

. . . -97 

, -il 

x/c 

. . . 0.272 

m “" ' • • • « 

mb 2 

x 10 4 


. . .-0.01*5 



IjC, slug-ft^ .... 
Iy» slug-ft^ .... 

. • . 3223 

. . • 5931 

h - ij 

, * 

... -100 

x 10“^ 

Ig, slug-ft .... 

. . . 8752 

mb 



Test altitude, ft . . 
p (at sea level) . . 

. . . 6000 
. . . 7.67 

h “ J x 

‘2 ' * • * * 

... 197 

X 10" U 

p* (6000 ft) .... 

. • . 9.19 

mb 
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Resume of Model Test Besults 


For the normal loading and clean condition, recoveries of the 
model "by rapid full rudder reversal were generally unsatisfactory, 
uhereas recoveries by simultaneous full reversal of the elevator 
and rudder from all elevator full -up spins -were satisfactory. 

For the aileron-neutral spins, moderate changes in the dis- 
tribution of mass along the ving or fuselage of the model or 
moderate movements of the center of gravity (± 0 . 05 c) had little 
effect upon the recovery characteristics of the model. 

For the diving condition (split flaps 60° up ana 60° down, 
landing gear extended) or for the landing condition ( cockpit open, 
flaps and main landing gear extended) , the recovery characteristics 
of the model vere satisfactory only when the ailerons were set full 
vith the spin. 

Recoveries by rapid full rudder reversal from all inverted 
spins vere satisfactory. 


In order to Improve the recoveries of the model by rapid full 
rudder reversal, vertical fin area vas added successively at various 
points along the periphery of the vertical tail surfaces and bottom 
of the fuselage (test results not presented). Fin area added belov 
the horizontal tail (modifications 1 and 2) vas most effective in 
improving the recovery characteristics of the model. With the 


horizontal tail raised 11— inches, full scale (modification 3) from 

4 


its normal position (test results not presented) satisfactory 
recoveries vere obtained for the model in the normal loading and 
clean condition; for the landing condition, hovever, recoveries 
vere unsatisfactory when the ailerons vere set full against the 


epin. 
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SPIH DATA OBTAINED WITH THE SCALE MODEL OP THE NAVAL AIRCRAFT FACTORY SBN-1 AIRPLANE 

[unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spins} 
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dilatory and wandering spin, 
covery attempted by neutralizing 
udder. 

covery from a steeper type of spin, 
covery attempted by simultaneous 
ever sal of rudder and elevator, 
rtical velocity too high to test. 
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-gQ -SCALE MODEL OF THE BOEING XB-29 AIRPLANE 


Dimensional Data 



(Full 

Scale) 



b. 

ft # 0 • ♦ • 


• ♦ 

141.67 

L, 

ft • • • • * 


• • 

98.30 

o. 

in « * • • • 


• • 

154.44 

s. 

sq ft • • • 


• • 

1739.00 

A • 



• • 

11.52 

L.E 

• c aft L.E. 

or, In 

• • 

44.45 

Sh# 

sq ft « e • 


• • 

332.00 

s e > 

sq ft • • • 


• • 

116.00 

Syi 

sq ft • • • 


• • 

238.00 

s r$ 

sq ft • • • 


• • 

64.00 


deg • • • • 


25 

R, 25 L 

Se» 

deg • # # * 


25 

U, 15 D 

&a* 

deg • e • e 


18 

U, 18 D 

TDFF • • • • • 


• • 

. . 0 

landing gear • 


• Tricycle 


Mass Data 



W, lb 



z/o ....... 

IX, slug-ft 2 . . 
Iy, slug-ft^ • . 
I g, slug-ft 2 • • 
Test altitude# ft 
H (at see level) 
fx* (20,000 ft) . 

*X “ J Y # 
mV> 2 

h-h 

nib 2 

h - h . . . . . 

nib 2 


Light loading 

Alternate loading 

70,000 

120,000 

0.250 

0.250" 

0.099 

0.099 

850,000 

1,500,000 

730,000 

800,000 

1,580,000 

2,300,000 

20,000 

20,000 

3.71 

6.36 

6.96 

11.94 

27 x 10“* 

93 x 10" 4 

-195 x 10“ 4 

-201 x 10 “ 4 

168 x 10 "* 

108 x 10 -4 
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Resume of Model Test Results 

In general for all conditions tested, for the normal control 
configuration for spinning, the spins of the model -sere Very oscil- 
latory especially in pitch (a = 15° to 75°) and recovery hy neu- 
tralization or full reversal of the elevator was satisfactory* The 
model vould also spin with the elevator up and the ailerons with 
the spin. These spins were similar to the spins obtained for the 
normal control configuration* Generally, the model would not spin 
for any other control settings. 

The applied load factors as measured by an accelerometer were 
consistently lower than the load factors calculated from the 

formula — where ol. is the acute angle between the vertical 

sin Oy w 

and the wing chord line (approximately equal to the absolute value 
of the angle of attack of the wing at the plane of symmetry). The 
average accelerometer reading was approximately 1.8. 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 



I 


NACA RM No. L7E15 


75 



SPIN DATA OBTAINED with THE j^-SCALE MODEL OF TEE BOEING XB-29 AIRPLANE 

[Unless otherwise Indicated, steady-spin data are for rudder-with spins of the model In the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect splns3 


Light loading condition 


Against 


Alternate loading 
condition 

Al x and AI Z = - 

from alternate 
condition 

°-”i x 

loading 

Aly and AZji — 

from alternate 
condition 

0.1*0 Iy 

loading 

Against 

Neutral 

With 

Against 

Neutral 

With 

Against 

Neutral 

With 



55SS 5ESS 



c.g» moved forward 0 . 15 c c.g. moved back 0 . 15 c 
Aly and AI Z = O.J^Iy < ^ from alternate loading 
from alternate condition 

loading condition 


Against [Neutral 



wmm 


Load factors determined for various elevator settings, 
AI X and AI Z = -0.1|.9I X 
Aly and AI Z — 0.1*0 ly 

from alternate loading condition, aileron- neutral 
spins 


j 

Control 

setting 

(deg) 

n 

(radians 

per 

second) 

Elevator up 

26 

1.19 

Elevator neutral 

26 

1.65 

Elevator down 

26 

1.7U 


Applied load 
factor from 
accelerometer 
records 



a„, on national advisory 

Su66p spin# COMMITTEE HM AERONAUTICS 

^Oscillatory spin; where range of values Is not presented, average value is given. 
c Number of turns required for recovery independent of phase of oscillation of spin. 

^Recovery attempted by neutralizing the elevator. 

®Recovery attempted by elevator reversal* 

^Number of turns required for recovery dependent upon phase of oscillation of spin. 

^Results indicated that the rudder was relatively ineffective, when the model was launched with the rudder 
full against the spin. 

kjjodel goes Into an inverted spin after recovery from erect spin. Recovery attempted by elevator reversal. 
Large radius of spin. 
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1 / 57 - 33 - SCALE MODEL OF THE NORTHROP XB -35 AIRPLANE 


Dimensional Data 
(Full-Scale) 

b, ft 

L, ft 

c, in . 

S, sq ft . . ... . . . . 

A 

LJS.5 aft L.E.c r ...... 

S elevon (aft hinge line). 

S r (total) 

Sf (total) ••...•.• 
S© (as elevators), deg . . 
S e (as ailerons), deg . . 
Pitch flaps, deg • . . . . 
6 r deg . . . 



.20 U, 10D 


15TU5D 



r.OS 

b 

, ' y Poot chord fine. — 

60 U, 60D 

-577^" 


I0.S5- *■ 


Mode 1 as tested. 


Mass Data 



tinge line of split rudder 
£ pitch flap hinge 
<£ elevon hinge 


Section thru pitch flap 
showing split rudder 

Mot to scale 


Section thru 
eleven 


W, lb 

x/c" ....... 

z/o 

l x , slug-ft^. . . 

l y, slug- ft . , • 
I Z » slug-ft^. , . 
Test altitude, ft 
p (at sea level). 
p*(at 20,000 ft). 


(Normal Loading) 


155,000 

I x * Iy 

207 x 10-U 

0.275 

-0.011+ 

mt£ 

Iy - I Z 


5,380,000 

-231+ x 10“^ 

U 33.,500 

mb2 

3,769,000 

20,000 

1 z ~ ix 


2.92 

mb£ 


5.50 


NATIONAL ADVISORY 


COMMITTEE FOR AERONAUTICS 


Tt should be noted that a longitudinal movement of the stick 
( wheel neutral) deflects both elevonB equally in the direc- 

tion ■whereas a lateral movement of the wheel deflects one elevon 
up and the other one down. The rudder deflections were independent 
of pitch flap settings. For example, pushing the right rudder pedal 
forward (rudder with a right spin) deflected the split rudders on 
the right pitch flap 70° up and 50° down from the wing chord while 
the rudders on the left pitch flap remained undeflected. 
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Resume of Model Test Results 

When the rudders vere vith the spin the airplane in the normal- 
loading clean condition would spin only when the wheel was with the 
spin and the stick neutral or full back. It was not possible to 
effect recoveries from these spins by rudder reversal inasmuch as 
the model spun for most combinations of stick wheel positions when 
the rudders were against the spin, that is, the conventional recovery 
technique of reversing the rudder and then moving the stick forward 
would probably not effect recoveries. 

Extending or retracting mass along the wing had little effect 
on the spin characteristics. 

Movement of the center of gravity forward ( 0.075c) was some” 
what beneficial. Movement of the center of gravity rearward (0.058c 
or 0.1l6c) reduced the number of stick wheel positions for which 
rudder-against spins were obtained. 

For the airplane in the landing condition (landing gear 
extended, flaps down 60°, pitch flaps up 30°, and slots open) the 
spin characteristics were generally similar to those for the clean 
condition. NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 
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SPUI DATA OBTATSED SfTTH THE ^y^-SCALE MODEL OP THE NORTHROP XB-55 AIRPLANE 

[Unless otherwise Indicated, steady-spin data are for rudder-wlth spin of the model in the clea 
condition and recoveries were attempted by rapid full ruddfer reversal from right erect spina} 



Normal loading, rudders against spin 

Normal loading, rudder 

nwutral spins 

Normal loading 

Left 

Neutral 

Right 

Left I 

Neutral 

Right 

Left 

Neutral 

Right 



wmmmmmm 


BBBBBB 


Slots open, normal loading 
Judders against spin 


P P P P 

i 1 i i 

n n n n 





Left i Neutral 


*t 1 afi 


AI y and I z = 0.J0 I Y , 
rudders again at spin 


Left | Neutral} Right j Left | Neutral | Right 



AXy and AI 2 “ 0.J0 ly 


Left I Neutral Right 



w^uwmmm 

pgffr Pii^itg 
BW BE ilgHffPg 
IS1HB 15= ESSES! 



BHanaaMM 

BjilaiH 


I R1 ESI EK 

III 

\mmm 

ISBIlSPKfi 






ISIS! 



7j ® 00 o» 


c.g. moved back 0.1l6c, c moved back 0 il6cT onHTno- Pitch flap deflected 

rudders against spin C * g * moved back °’ 116c 9 mSSSSi *&* down *5°. normal loading 


Left j Neutral! Right Left Neutral! Right 



^■E9|R!E!ljB!HRIIll| 

■R|Eiiiiflnii3n!i!Mii 

BHHBMBBB 



a Lsrge radius oscillatory spin, average values given. ^Visual observation. NATIONAL ADVISORY 

Pandering spin. Ssteepspin. COMMITTEE FM AERONAUTICS 

c Steep spin and wandering spin. ^Recovery attempted by moving rudder to full against the spin* 

d Oseillatory in pitch. ^-Oscillatory 3pin. 

®Recovery attempted by moving rudder to full with the spin. Joccasionally oscillated out of spin. 


RESTRICTED 
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SPIN DATA OBTAINED WITH THE ^y.^ -SCALB MODEL OP THE NORTHROP XB-35 AIRPLANE - Concluded 

[Unless otherwise Indicated, steady-spin data are for rudders-with spin of the model in the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spinsj 


Landing condition, normal loading, 
rudders against spin 


Landing condition, 
normal loading 


Landing condition, slots closed, 
rudders against spin, normal loading 



HOTBffiHBBEEBEElEBM 


Turns 

for 

recovery 


neiB9raeisaB9e9Si||||||a||t!aBigiraRiwieaBaBii 

BBBBBBBBBiiiiBHIBBBBBBBBBB 


Landing condition, alots 


E Wheel 
e Ailerons 
v ” 

° As ^ 

s elevator ric' 

a. deg 

0. deg — 

fl, rpa — - 

V, fps — - 

Turns 
for — 
recovery 


Left I Neutral 


N N N N N 

0 o o o o 

s s s s a 

p p p p P 

1 1 i i i 

n n n n n 


| Right 

U 

N 

M 1 

(a) 

?o 



1U 

— 

— — 

'Q-15 

— - 


3^0 

34o 

.... 

CD 

00 

1 


®Large radius oscillatory spin, average values given. 
J-Oscillatory spin. 

^Increasing radius - may not spin. 
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■SCALE MODEL OF THE BDRNELLI XB-AB-3 AIRPLANE 


Dimensional Data 
(Full Scale) 

b, ft 64.00 

L, ft 46.50 

In. . . 151.92 

S, sq ft 700.00 

A . 5.85 

L.E. c_ aft L.E. fus, in. 26.64 

S h , sq e ft 123.00 

S e , sq ft 43*00 

S v , sq ft 72.70 

Sj»j sq ft ........ 54*00 

6 r , deg 35 R, 35 L 

6 e , deg 35 U, 25 D 

6 a , deg 30 U, 20 D 

deg 60 P 

TDPF 1735 x 10" b 

Landing gear Conventional 

(with 2 tail wheels) 




Mass Data 
Normal Loading 


W, 


z/5p . . -0.026 

lx, slug-ft^ 


l Y> 


Test altitude, ft 


. 24,500 
. 0.270 

• 

• 

• 

4r 

c 

1 

, .... 83 x 10*4 

. -0.026 
. 65,696 
. 39,995 

mb* 

t y - J z 

. . . . -206 x 10"4 

104,142 


. 20,000 
. 7.14 

• 

• 

• 

C 

t 

M 

, . . . 123 x 10~ 4 

. 13.40 

mb* 
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Resume^ of Model Test Results 


In the clean condition, normal loading, normal control con- 
figuration for spinning, the high rate of descent (in excess of 
295 feet per second), of the model did not permit recovery tests. 
Setting the ailerons full with the spin flattened the spin and 
recoveries obtained by rapid full reversal of rudders were unsatis- 
factory. Setting the elevator down resulted in satisfactory 
recovery characteristics of the model for all aileron settings. 

Extending or retracting the mass along the wings (Aly and 
ACg = 0.20 Ij) extending the mass along the fuselage (My and 
Mz = 0.30 Iy) or movement of the center of gravity forward 0 . 05 c 

or back 0 . 10 c- had no appreciable effect on the recovery charac- 
teri sties of the model. 

For the landing condition (landing gear extended, flaps 
60 ° down) or for a condition with only the flaps 60 ° down, satis- 
factory recoveries were obtained from the aileron-neutral and aileraa- 
a gainst spins. Extending the landing gear alone had no appreciable 
effect on the recovery characteristics of the model. 

NATIONAL ADVISORY 
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SPIN DATA OBTAINED WITH THE jjjf -SCALE MODEL OF THE BURNELLI XB-AB-3 AIRPLANE 

/Unless otherwise indicated, steady -spin data are for ruddei>with spins of the model in the clean 
condition and recoveries were attempted by rapid full rudder reversal from rigit erect spins] 




A I x and A X ^ * 0.20Iy 

A I x and 4 “ 0*2 

oi x 

Ailerons 

Against 

Neutral 


Against 

Neutral 

With 

Against 

Neutral 

With 

J 

Elevator 

U 

(a) 

i 


a 

B 

B 

0 

S3 


m 

i 

a 

U 

(a) 

N 

D 

k 

N 

D 

U 

N 

(a) 

D 

a 

B 

1 

1 

i 

a 

1 

1 

B 


• 


B 
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■ 

1 

Hi 


- 

a 

N 

0 

8 

P 

1 
n 

51 

- 

9 

I 

B 

i 

B 


s 

P 

1 

n 

— 

- 

N 

0 

s 

p 

1 
n 

- 

1 


H 

B 

1 


B 


0 9 deg 

- 

- 

- 

- 

B 


- 

2D 

ID 

- 

— 

- 

- 

B 

B 

B 

sx 

9 

9 

Sit TPB 

* 


- 

- 




- 

333 



a 

B 

- 


B 

B 


B 

9 

TJWrfM 

- 

- 


- 


[J 

- 


M 

H 

B 

B 

B 

B 

B 

B 

25! 

9 

9 

Hi 

- 

- 

B 

B 

B 

H 


i 

i 

B 


B 

B 


B 

B 

1 

S3 


B 


a ly and d * 0#30Iy 


c.g. moved forward 0.05o a 


o.g. moved back. O.lOo 


9 


Ailerons 


Against 


Neutral 


With 


Against Neutral 


With 


Against 


U ! N 


Elevator 


U N 
(a) 


, U 
< a) 


N 

(a) 


U 

(a) 


Ka) 


N 

(a) 


D 

(a) 


a* deg 


52 


0, deg 


3D 


3D 


4D 


a.* *ps 


0.35 


0.371 


V, fpg 


234 


258 


251 


32 


_2U 

0.29 

295 


ID 


0.41 


Turns 

for 

recovery 


234 


J?34 


>3i 



1 1 L 

Flaps do 

i : — i — i 1 — 

o 

wn 60 , noimal loading 

■ 

— i — 

Landing 

norm 

e< 

al 

J 1 i L 

jar extended, 
loading 


■ 

mm 

MM 

fg 



rmal ] 

5 

9 

Ailerons 

Against 

Neutral 

With 

Against 






Elevator 

r 

N 

D 

U 

N 

D 

U 

N 

D 

1 

i 

1 

1 

1 

1 

H 

H 

8 

H 

1 

1 

■ 

H 

a 

H 





29 
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44 

El 

m 

50 

47 
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m 

9 

1 

9 


N 

0 

48 

38 

r N 

0 

- 

- 


FI 

KM 

KM 

n 

wm 

PM 


El 

m 

1 

IB 

HI 

□fl 

99 

119 


m 

■ 

9 


m 

ID 



N 

0 

99 

n 

m 


IBM 

Hi 

Eppp 

OLD 


| 




Ml 

nm 


a 

9 

8 

9 

0 

8 

a 40 

0l4£ 

s 


- 

a 



EE3 








wm 



x 


m 

a 

9 

P 


9 

P 

241 

261 

p 


H 

n 





ESI 


Turns 

for 

recovery 

R 





R 

>4 

4 

st 

i 

i 


i 




3 

X 

1 

n 

H 

R 


R 



1 

B 

«t 


^Vertical velocity too high to test. 
d Two conditions possible. 

°Two types of spin. 


d. 


‘Recovery attempted by simultaneous reversal of rudder and 
elevator. 

^Oscillatory spin. 

* Large radius of spin and vertloal veloolty too high to test. 
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——SCALE MODEL OP THE CONSOLIDATED XPB5Y-1 AIRPLANE 



Mode / as tested. 


J/Ze and location of a/ierons on mode/. 
( O/mend/onS fu/i j ' cafe ) 



Miass Data 


Normal Loading 


W, lb 

. . . 105,000 

‘ *Y 


JC/V 

. . . . 0.213 

^ 2 


z/o ........ 

• e • • Oel58 

mb* 


Ij, slug” ft ^ . . . 

. . 1,195,1+20 

I Y " *2 

4 


lyf slug" ft ... 

. . . 568,000 

mb 2 


Ip slug-ft^ • . . 

. . 1,71+0,000 

2 Z ~ T X 

4, 

Test altitude, ft • 

... 10,000 

2 4 


|i (at sea level) • 

.... 2 . 65 

mb 


p' ( 10,000 ft) . . . 

.... 3*59 
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Resina/ of Model Test Results 


NOTE: Because of the type of model wing construction used, the 

installation of conventional ailerons such as those used on the 
airplane was not feasible. The ailerons were simulated on the model 
by attaching strips of balsa of approximately correct span and area 
on the trailing edge of the wing. 

For the normal loading, clean condition (wing floats retracted), 
and normal control configuration for spinning, the spin was very 
steep (a * 19°) and the rate of descent high. With the elevator up, 
a similar spin was obtained when the ailerons were with the spin, but 
the model would not spin when the ailerons were set against the spin 
or when the elevators were either neutral or down regardless of the 
aileron setting. Although no recoveries were attempted the test 
results indicate that full rapid reversal of both rudder and elevator 
would have led to satisfactory recoveries from spins obtained. 

There was no appreciable effect on the spin and recovery character- 
istics of a large increase in the mass distribution along the fuselage 
^Aly and AEg = 0.50 Iy) or of a rearward movement of the center 
of gravity 0.09c from its normal position. 
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SPIN DATA OBTAINED WITH THE -SC ALE MODEL OP THE CONSOLIDATED XPB3Y-1 AIRPLANE 

[Unless otherwise indicated, steady-spin data are for rudder-with spins of the 
model in the clean condi tion^ 














AI X 

and 

AI Z 


ai y 

and 

AI Z 




Normal 

loading 


ai y 

and AI Z 
0.50Iy 


= o. 5 oi y 

Rudder against 
spin 

= 0.501v 

c.g. move a back 
^022 

Ailerons 

Against 

Neutral 

With 

_ 

Neutral 

With 

Neutral 

With 

Neutral 

With 

Elevator 


D 

U 

s 

B 

u 

N 

U 

N 

U 

B 

m 

N 

m 

B 

U 

N 

u 

D 



i 

El 

n 

B 

20 


m 

- 

IIB 

B 

- 

- 

n 

B 

23 

N 

• 

- 



o 

Ei3 

1 

1 

1 U 


yjj] 

- 

m 

B 

- 

- 

IS 

n 

6 u 

0 

- 

- 

Q, rps 

II 

s 


s 

S 

0.27 


Eg 

B 

0.28 

s 

- 

- 

B 

B 

0.15 

s 

- 

- 

V, fps 

m 

P 

282 

P 

P 

255 


m 

B 

226 

P 

B 

- 

B 

B 

mm 

P 


n 

Turns 

t 

i 

H 

i 

H 

■ 


m 

B 

■ 

i 

I 

1 

B 

B 

m 

i 

B 

B 

for 

recovery 

n 

n 

■ 

B 

B 

■ 

n 

■ 

1 

■ 

n 

■ 

■ 

■ 

1 

U 



I 

Load 

factor 

■ 

i 

3-07 



2.88 

i 

2.58 

■ 

2.03 

1 



1 

1 

1 

2.53 

■ 

1 

1 


a Model went into steep tight spin. 
b Model went into spin or spiral, 
c Model went into steep spin or spiral. 
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1/22- SCALE MODEL OF THE GRUMMAN XTBF-1 AIRPLANE 


Dimensional Data 


(Full-Scale) 


bf ft » • » • 
L, ft • • • • 
c , in • • • • 

S t 8IJ ft • • 

A 

US. c aft L«K ©j. 

S h , sq ft * * 
Sg p sq ft • • ' 
S-y . sq ft • • 
Sp p sq ft ♦ • 
8 r , deg . . . 

6 e , deg • • • 

8 a» deg • • • 

5 f, deg • • • 

TDPF • ♦ • • 

Landing gear* 


. . 5U.17 

. . 39.90 

. . 117.18 
• • 1+90 .00 
5.99 
. . 10.33 

. . 102.65 
. . ^5.30 

. . 36.75 

. . 15.25 

30 R, 30 L 
30 U t 20 D 
22 U, IS D 
... 2+5 D 

202 x 10 
conventional 



Mass Data 


Normal Loading 


Original Revised 


Original Revised 


W, lb 



13,22]+ 

0.250 

15,975 

0.252 

i x - ly 

O 

zA . . . s 

Ix slug-ft2 

-0.00U 

-0.001+ 

mbr 

11,7U8 

11,807 


Iy slug-ft2 

IZ 8lug-ft2 

21,156 

23,61+0 

h ~ h 

31,183 

33,576 

m V)2 

Test altitude, ft • • • 

10,000 

10,000 

mu 

M- (at sea level) • • • 

6.50 

6.88 


D' (10,000 ft) .... 

8.81 

9.31 

h I x 
,2 

mb 


-77 x 10 -k 

-83 x lO-k 

160 x 10-U 


-93 x 10-1 
-78 x 10-I 

171 x 10-I 
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Resume 7 of Model Test Results 


In the clean condition, normal loading, all recoveries obtained 
from elevator-up spins, regardless of aileron setting, were satis- 
factory by rapid full rudder reversal. With the elevator either 
neutral or down, the model spun at flatter attitudes than for 
elevator-up spins (45° compared to 23°) and recoveries by rapid full 
rudder reversal were generally unsatisfactory. In general, setting 
the ailerons with the spin, steepened the spins and improved the 
recovery characteristics of the model, whereas setting the ailerons 
against the spin had little effect. 

Movement of the center of gravity forward 0.08c or back 0.05c; 
from its normal position did not appreciably alter the recovery 
characteristics of the model. 

Increasing the mass along the wings (AEy and AEg ® 0.U0 Ij) 

enabled satisfactory recoveries to be obtained from all spins when 
the ailerons were set against the rotation and from the elevator- 
up and elevator -neutral spins when the ailerons were neutral. When 
the ailerons were set with the spin, recoveries were generally 
unsatisfactory . 

Increasing the mass along the fuselage (Aly and AEg « 0.40 Iy) 

generally flattened the spins and retarded recoveries for all control 
settings as compared to the corresponding spins for the normal 
loading . 

Deflecting the flaps 45° and opening the slots had an adverse 
effect upon the recovery characteristics of the model for all 
elevator-up spins; however, when the ailerons were with the spin, 
with the elevator either neutral or down, there was a favorable 
effect. Tests conducted with the slots open alone (data not pre- 
sented) indicated little effect on the recovery characteristics 
of the model. For the landing condition (flaps and landing gear 
extended, slots open, pilot's canopy open, and turret fairing 
retracted) , elevator-up spins were flatter and recoveries were 
generally slower than the corresponding spins for the clean 
condition. 

Recoveries from all inverted spins obtained were satisfactory 
by rapid full rudder reversal. 

In an attempt to improve the recovery characteristics of the 
model for the elevator-neutral and elevator-down spins, various 
tail modifications were tested on the model. The results indicated 
that by adding area both to the top of the vertical surfaces 
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COMMITTEE FOR AERONAUTICS 



NACA RM No. L7E15 


88 


(modification 1) and "belov the fuselage in the vicinity of the hori- 
zontal surfaces (modification 3) or extending the rudder downward 
(modification 2) greatly improved the recovery characteristics of 
the model. Redesign of the vertical tail surfaces (modification 4) 
•was also "beneficial. When Iy and I z were increased 0.40Iy 

above normal, however, these tail modifications would, not insure 
satisfactory recoveries from elevator-neutral or elevator-down 
spins. 


The model when tested in the revised design (see comparison 
sketch) generally exhibited steady spin and recovery characteristics 
similar to the spin and recovery characteristics of the model in 
tto original design. NATIONAL ADVISORY 

COMHITTEE F0« AERONAUTICS 
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SPIN DATA OBTAINED WITH the 22 ~- SCALE MODEL OP THE GRUMMAN XTBF-1 AIRPLANE 

(Unless otherwise indicated., steady-spin data are for rudder-wlth spina of the model in the clean condition 
original design and recoveries were attempted by. rapid full rudder reversal from right erect eplnej 


Normal loading 


Rudder neutral spins, normal loading AI X and AI Z ” 0.20I X 


Ailerons I Against j Neutral 


Elevator 


Against Neutral I With j Against | Neutral 




Turns 

for 

recovery 


i i ^ % ii 


AI X and AI Z as O.I 4 .OIX 


Ailerons | Against j Neutral j With 


Elevator 


Aly *nd AI Z 32 Q*20Iy 


Neutral I With 


Aly and AI Z = O-ii-OIy 


Against j Neutral 


lOQBBQQiaBlOBBOlBranBQliraQiBlg 
iraEirarararaiararaHflEiHSflisiflflOiEiEiEiEsisjEiHEigi 

IBlEHBaKSEiraEaBEaBaBBraSiBEaBBSJEilSiEHrSIIElElBBaSI 


Tunis 

for 

recovery 


" 00 5 u 


Landing gear extended, 
normal loading 


Landing condition, 
normal loading 


Ailerons I Against | Neutral 


Elevator 


IHHBEBUa igilHigHEUBEH BHllliraMlWB 

■■■■■■MEainESEaEaiaiSISIESBMHMMMHMHMMHH 


A 

rps 

V, 

fps 


Inverted spina, 
normal loading 


Effect of tail modifications, 
normal loading 


Ailerons 


Elevator.* 


Norma 1 
loading 


Modification 


1 and J 


2 


^teep spin. 

^Two types of spin possible. 
c Recoyery attempted by 
rudder neutralization. 
^Recovery attempted by 

simultaneous reversal of 
rudder and elevator. 
e Recovery attempted by 
rudder reversal and 
elevator neutralization. 
^Wandering and oscillatory 
spin. 
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Ailerons 


Elevator 


Revised design, revised noxmal 
loading 


Against Neutral | Neutral 
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Comparison of dimensional characteristics 
of original and revised mode ( 



Modifications /, 2 and 3 



Modification 4 
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4--SCALE MODEL OF THE FOUGHT- SIKORSKY XTBU-1 AIRPLANE 

24 


Dimensional Data 


(Full Scale) 


b, ft . . 
L, ft . . 
cT, in. . 

S , sq f t 
A . . . . 
L.E. o aft 
S h , sq ft 
S e , sq ft 
S v , sq ft 
S r , sq ft 
6 r , deg . 
deg . 
deg . 


6 


'e» 

a* 


E 




57-17 
39.00 

93-80 
439-50 
7*1+4 
1.75 
96.40 
22.50 

40.50 

17.50 
25 R, 25 L 
30 U, 20 D 
30 U, 12 D 

25 D 


deg (landing condition) 
(Aileron deflections 
measured from 
drooped position) 

6 f , deg 50 D 

6 gJ deg (spoilers) ... 0, 50 U 

TDPF 121 x 10" 6 

Landing gear . . . Conventional 



Mass Data 
Normal Loading 


mb £ 


W, lb 

13,216 

i x 

x/c" 

. 0.252 


z/c" 

-0.018 


Ij, slug-ft^ ...... 

12,543 


Iy, slug-ft^ 

23*969 


l£, slug-ft^ 

34,911 


Test altitude, ft . . * a 

10,000 


ia (at sea level) * * * • 

. 6.85 


(10,000 ft) 

. 9.29 



mb* 


mb' 


-85 x 10 


-4 


-80 x 10 


-4 


h 

2 


165 x 10 


-4 
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Resume of Model Test Results 


For the normal loading, clean condition, and normal control 
configuration for spinning, the model spun very steeply (a = 22°) 
■with a high rate of descent (288 feet per second) . Satisfactory 
recoveries were obtained either by rapid full rudder reversal or 
by simultaneous neutralization of rudder and elevator. Setting 
the ailerons with the spin steepened the spin and hastened recovery, 
whereas setting the ailerons against the spin flattened the spin 
and produced unsatisfactory recoveries from the elevator-neutral 
and elevator-full-down spins. 

With the mass extended along the wings (Mj and AT Z = 0.40 

there was a reversal of aileron effect and recoveries from the 
aileron with spins, elevator either neutral or down, were unsatis- 
factory. The elevator-up spin was too oscillatory to test. 

A forward or rearward movement of the center of gravity 0.05c 
from its normal position had no appreciable effect on the recovery 
characteristics of the model. 


For the landing condition (landing gear extended, flaps 
deflected 50°, ailerons drooped 25°, slots open, and spoilers in 
operation), recoveries by rapid full rudder reversal were satis- 
factory from the aileron-neutral and aileron-with spins. The model 
would not recover, however, from aileron -a gainst spins. There was 
little effect on the recoveries of the model of either opening the 
slots or extending the spoilers alone (data not presented) . 


Recoveries by rapid full rudder reversal from inverted spins 
obtained were satisfactory. NATIONAL ADVISORY 

COMMITTEE FDD AERONAUTICS 
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SPXH DATA OBTAINED WITH THE SCALE MODEL OP THE VOUGHT- SIKORSKY XTBU-1 AIRPLANE 


(Unless otherwise indicated, steady-spin data are for rudder-wlth spins of the model in the clean condition 
and recoveries were attempted by rapid full rudder reversal from right erect spinsj 
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a 
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1 
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AI X and Alg = 0.40 1^ 

AI y and AI Z * 0.30 I y 

Al y a 

ad AIj = 

-0.1C 

L 
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| Neutral 
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Against 

Neutral 

With 
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B 
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a 

B 
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B 
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9 

BPS! 

EBB 


MS 


S3 



S3 
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HI 
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m 

■s 

Iff! 

BH 



PR 

Ml 

RS 1 


ffi 


9 

m 

m 

m 

MSI 

m 


PBS 
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1 

2 

D 

B 

a 

B 

3 

E 

1 

2 


B 

B 

E 
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H 

1 

3 
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H 
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E 
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e*g. moved forward 0.05E 

c.g. moved back 0.05$ 

Landing gear extended, normal loading 
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a 
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Ea 

n 
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Hi 
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E 
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E3 

m 
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BE 

El 
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0, rps 
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1 

2 

4 

4 

3 

3 

7 
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■ 

i 

H 

B 

B 

27 


i 

fl 

17 

4 


l 

HI 


E 


3 

7 

m 

4 

B 
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Landing condition, normal loading 

Inverted spins, normal loading 


Recovery attempted by neutral- 
izing rudder. 

Recovery attempted by simul- 
taneous neutralization of 
rudder and elevator. 

'Recovery attempted by simul- 
taneous full rudder reversal 
and neutralization of the 

Ailerons 

Against 

Neutral 

With 

Against 

Neutral 

With 


Elevator 

U 

N 

D 


N 

D 

V 

N 

D 

0 

N 

D 

U 

N 

D 

U 

N D 


a, deg 

37 

47 

48 

N 

0 

3 

P 

1 
n 


16 

20 

N 

0 

3 

P 
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N 

0 

3 

P 

1 
n 

16 

N 
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s 

p 
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N 

0 

S 

P 

i 

n 

N 

0 

S 

P 

1 
n 

33 

N 

0 

S 

P 

1 
n 

N 

0 

S 

P 

i 

n 

37 

32 

N 


0 , deg 

ID 

ID 

2D 


8U 

9U 

70 

2D 

4D 

4D 

0 

j elevator. 

Vertical velocity too high to 
test. 

^Oscillatory spin. 

*Two types of spin. 

rps 

0.33 

0.42 

0.43 


D.61 

0.57 

0.70 

0.35 

0.35 

0.46 

3 

V, fps 

180 

158 

154 


238 

212 

234 

247 

229 

238 

i 

Turns 

for 

recovery 

7 

00 

00 

00 


1 

2 

1 

1 

1 

2 

3 

7 

3 

7 
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Resume" of Model Test Be suits 


For the normal loading, clean condition, normal control configura- 
tion for spinning, the model spun in an oscillatory manner and test 
results indicate that recovery by rapid full rudder reversal would have 
been unsatisfactory. Setting the elevator either neutral or partly 
up had no definite effect upon the spin characteristics of the model. 
With the rudder set initially against the rotation, the model would con- 
tinue to spin with the elevator either neutral or down. 

Moderate variations in mass distribution (±20 percent) or in 
center-of— gravity position (± 0 . 03 c) had a slight favorable effect on the 
recovery characteristics of the model, but the recoveries from elevator- 
neutral spins were still generally unsatisfactory. 

Attaching two 116— pound bombs, full scale, externally to the wing 
at approximately percent of the semispan from the plane of symmetry 
had a favorable effect on the recovery characteristics of the model; 
whereas, a ^74— pound bomb, full scale, attached to the bottom of the 
fuselage at approximately the center of gravity retarded recoveries. 


In order to improve the recovery characteristics of the model, 
additional area was added to the top of the fin and rudder (modifica- 
tion 1). For the normal fighter loading and with the mass retracted 
along the wings (AI X and AI Z = -0.20 I x ) the model recovered satis- 
factorily except when the elevator was full down, NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTIC; 
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SPEI DATA OBTAINED iSITH THE SCALE MODEL OP THE BOEING XSPB-1 AIRPLANE 

[Unless o there la a indicated,, staady-epin data are for rudder-witfa spins of the model in the claan 
condition and recoveries were attempted by rapid full rudder reversal from rights erect splns^ 


Normal loading 


Normal loading, 
rudder neutral spina 


Normal loading, 
l*udder against aping 


Ailerons 


Neutral 

| Against 


1 Neutral 

Elevator 

!5°tJ 

K° 'fit 

R U 

(a) 

N 

D 

U 

,N. 

D 

(a) 

or, deg 47 

.... 

47 49 

49 

...» 

— • 


44 

46 

deg +D 


3D j2D 

ID 


.... 


0 

0 

j^rps 3*49 


0*52 *— - p,55 

0.54 

— 

“ 

— - 

0*56 

0.58 

BEailSI 

— 

EaaBEaiHM 

BO 

SB 

99 

Ea 

ami 


&t k?J 
^51 0*57 



Modification 1 


as = 0.08 », &I x and hi 
-0,20 I« 

&I Y and AI Z * 0»20 1^., 
c.g, moved back 0.038 


M = -0.10W, ai x and hl^ ~ 
-0.20 I x 

hI Y and &I Z = -0.20 I Y 


I 1^6 3D 0.54 108 


Normal loading 
modification 1 


al x said dl z » -0.20 2 X 

modification 1 


a 0scillatory spin, average values presented 
^Visual observation. 

c Recovery attempted by simultaneous reversal of rudder and elevator 
from initial setting. 
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^Elevator 30° U P* 





















NACA RM No. L7E15 


Modification f 
(areas full scale) 
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J^SOALE MODELS OF THE BREIVSTEH XF2A-1, 


F2A-1 AND XF2A-2 AIRPLANES 


Dimensional Data 
(Full Scale) 

(Values are the same for all mo- 
dels unless otherwise noted) 


b, ft 35.00 

L, ft 

XF2A-1 25.45 

F2A-1 26.00 

XF2A-2 25.61 

c, in . . . 74.88 

S, sq ft 208.90 

A 5.86 

L.E. TS aft L.E. Or, in. . 2.80 

Sh, sq ft . . . 

XF2A-1 ........ 41.50 

F2A-1 and XF2A-2 ... 41.20 


Sg, Sq ft ...... 

XF2A-1 ...... 

F2A-1 and XF2A-2 . 
S v , sq ft ««..#« 
S y,, sq ft ...... 

5 deg ,.###** 

S q} deg ....... 

6 &$ deg 

XF2A-1 and XF2A-2. 
F2A-1. ...... 

6 deg ....... 

TDPF. ........ 

XF2A-1 ...... 

F2A-1 and XF2A-2 . 


. . 19.00 
. . 18.60 
. . 17.20 
. . 8,90 
.30 R, 30 L 
.30 D, 20 D 

.30 U, 15 D 
.26 U, 16 D 
. . 60 D 

.167 x 10”f 

.270 x 1Q“ 6 


Landing gear. * . . .Conventional 



NATIONAL ADVISORY 
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F2A-! A X.F2A-2 - v 



Dihedral for models 
XF2A-! 3.5° 

XF2A-2 35° 

F2A-! 5.5° 


"Compromise cowing used for both F2A-/ and XFZA Z tests 





XF2A-2 


Plan View 



Side View 




The XF2A--1 , F2A— 1 and XF2A—2 models 'were similar in dimensional 
characteristics aft of the wing trailing edge. The canopies for the F2A— 1 
and XF2A— 2 were similar to the canopy of the XF2A— 1 model. Variations in 
the cowling design, wing tip shape, and value of wing dihedral for the 
models are shown in the accompanying sketches. 
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Mass Data 
Loadings 


XF2A-1 


W, lb 

x/c ....... 

z/o ....... 

slug- ft*. . . 

l y, Slug- ft*. . . 

l z , slug- ft 2 . . . 
Test altitude, ft 
^(at sea level). 

^'(6000 ft) . . . 

IX - IY 

mb 2 


78 


4815 
0.251 
-0.004 
2282 
3715 
5608 
6000 
8.60 
10.28 
x 10-4 


-103 X 10-4 

mb 2 

181 x 10-4 

mb 2 


F2A-1 

5066 
0.268 
0.005 
2095 
3440 
5130 
6000 
9.06 
10.82 
69 x 10“4 


-87 x 10-4 


156 x 10“4 


XF2A-2 



0.017 
2110 
3410 
5080 
6000 
9.54 
11.42 
-64 x 10-4 


-81 x 10*4 


145 x 10-4 
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Resume^ of Model Test Besults 


Results obtained with the SF2A.—1 model Indicated that for 
the clean condition, normal loading, the model had satisfactory 
recovery characteristics. For the elevator-up spins (data not 
presented) the model descended in excess of 220 feet per second. 

Increasing or decreasing the mass along the wings (AE X and 
Alg * 0.20 Ij) or moving the center of gravity forward 0.05c or 
hack 0.03c from its normal position generally led to spins from 
which recoveries were satisfactory when the elevator was neutral 
with the ailerons neutral, or unsatisfactory when the elevator 
was down with the ailerons neutral . Increasing the mass along 
the fuselage generally led to spins from which recoveries were 
unsatisfactory for all control settings tested, while decreasing 
the mass along the fuselage (AEy and AE Z - —0.10 Iy) led to 
satisfactory recoveries for either elevator neutral or down spins. 
For the normal loading AEj and AEg - -0.20 Ij, and for the 
loading AEy and A I z = 0.20 Iy, and center of gravity moved 

forward 0.05c, a deflection of the flaps had a detrimental effect 
on the recovery characteristics of the model. 

For the F2A.—1 model the recovery characteristics were generally 
satisfactory for all loadings and control settings tested. 

The recoveries of the XF2A—2 model were satisfactory for 
all conditions tested except when the mass was decreased along 
the wings (AEy and AEg = -0.08 Xy) and/or increased along 
the fuselage (Aly and AEg = 0.30 Iy) in which cases recoveries 
were generally unsatisfactory when the elevator was either neutral 
or down with the ailerons either neutral or against the spin. 

NATIONAL ADVISORY 
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SPIN DATA OBTAINED WITH THE 2^-SCALE MODEL OF THE BREWSTER XF2A-X, F2A-1, AND XF2A-2 AIRPLANES 

[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spins 
equivalent test altitude oOOO ft^] 
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XF2A-1; effect of mass 
variations and c.g. move- 
ments on turns for 
recovery for aileron- 
neutral spins 
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for recovery for aileron-neutral spins 
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F2A-1, inverted spins 
AI X and AI 2 = -0.08 I x 
A I Y and AI Z = 0.30l Y 
c.g, moved back 0.36c' 
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XF2A-2, normal loading 

XF2A-2; effect of mass varia- 
tions and c.g. movements 
on turns for recovery for 
aileron-neutral spins 
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F2A-1; effect of mass 
variations and c.g. 
movements on turns 
for recovery for 
aileron-neutral 
spins 


Elevator 


AIv and AI7 

= 0-15 lx 


IAI X and AI Z = -O.O81J 


Aly and AI Z 
= 0.15 Xy 


209 hly and AI Z = °-30lJ 


c.g. moved back 

0.03^ 


c.g. moved back 

0.06^ 


F2A-1, normal loading; 
equivalent test altitude, 
12,000 feet 


Against 
9°D 


u 


48 


6u 

S0-60I 

1x68 


N vD 

in. 


2? 


0.63 

_2i6 


43 


0.62 


-121. 


Steep spin. 

^Flat spin. 
c 0scillatory spin. 

^From the rl gh t "no s p 1 n" 
condition model goes into a 
left erect spin. 
e Model will also spin similar 
to elevator down condition. 
^Steeper spin also obtainable. 
g Steep and oscillatory spin. 
^Two types of spin. 
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SPIN DATA OBTAINED WITH THE -yg — SCALE MODEL OF THE BREWSTER XF2A-1 , F2A-1 , and XF2A-2 AIRPLANES - Concluded 

[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spins 
equivalent test altitude 6000 feet] 



XF2A-2j AIjj and AI^ = ~0 . 08 I x 
Aly and AI Z = O.JO Iy 

XF2A-2, inverted spins 
AI X and Aly = -0.08 I x 
Aly and AI Z = O.JOly 


Agai rfs t 


With 

Agains t 


With 

Full 

i6°tJ 

9°D 

10°U 

6°d 

5°u 

3°D 

Neutral 

16 °D 
9°D 

Full 

9?u 

16 °D 

Neutral 

16 °D 


B 

B 

I 

H 

B 

B 

H 

B 

H 

m 

B 

B 

B 

B 

B 

B 

H 

B 

B 

B 

Bsm 

m 

m 

B 

B 

m 

B 

B 

B 

fSM 

m 

m 


BE 

EH 

B 

m 

B 

m 

D 

B 


ESI 


■ 

B 

m 

B 

B 

B 

m 

B 

m 


— 

— 

U 

B 

B 

E9I 


B 


EEB 

IB 

■ 

B 

SB 

m 

B 

B 

IB! 

Sffi 

!H5 


_ _ 

— 

m 

SB 

1 

SB 

__ 

__ 

V, fps 

BS 

m 

B 

B 

BE 

B 

B 

B 

B 

ESS 

B 

Bl 

BE 

— 

m 

B 

m 

~ 

— 

Turns 

for 

recovery 

2 

3 

I 

1 

’t 

3 

1 

i 

B 

A 

A 

A 

fl 

1 

b 

1 

1 

t 

fl 



c 0scilletory spin. 

Ssteep and oscillatory spin. 
^Two types of spin. 
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1/20-SCALE MODEL OF -THE CURTISS 2FUC-1 AND XS14C-2 AIRPLANES 


(Full-Scale) 


(The data for both airplanes are the 
same except where noted.) 


b| Jfij « $ « # # « « 

0 

0 

0 « 

45.60 

1»^ f*t* % « m 9 » » » 

• 

0 

0 0 


XF14G**! * * • * * 


0 

« # 

38.17 

_ XF14C-2 * * * o • 

# 

« 

0 * 

37.60 

Of in $ $ « » « $ $ 

0 


0 0 

105.47 

S jj? sq ft « $ « « « 

# 

• 

0 0 

375.00 




0 0 

5.54 

c siMi X>#fC& Cjs 

o 


0 # 

11.09 

S h , sq ft 





XF1AC-1 ..... 



# * 

78.01 

XF14C- 2 . . . « . 

• 

• 

0 « 

83.25 

S e , sq ft (inc bal) 





XF14C-1 ..... 

0 

» 

« 0 

35.24 

XF14C-2 ..... 

0 

0 

0 6 

35.00 

S.y, sq ft « . « « « 

0 

0 

0 0 

29.34 

S r , sq ft (inc bal) 

0 

0 

* 0 

16.95 

6 r » deg 





XF14C-1 ..... 

* 

• 

30 

R, 30 L 

XF14C-2 ..... 

• 

• 

27 R, 27 L 

6g, deg ...... 



30 U, 20 D 

6*. , deg »«»... 

0 

0 

18 U, 14 D 

6 s i ( landing cond • ) deg 

0 O 

. 15 D 

ail. defl. meas» from drooped pos. 

&£$ deg « ® • « » « 

0 


0 # 

. 50 D 

TDPF 




/i 

XF14C-1 * ® « * » 

0 


298 x 10 ” 

XFl^C^S ® $ 

« 

• 

253 x 10” 6 


Landing gean-conventional 


Mass 
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Normal Loading 


W, lb ........ 

x/c »*«*«**.» 
z/ C ® • 

IX, slug-ft^ , , . , 
ly, slug-ft^ » e » » 
Ig, slug-ft^ . » » * 
Test altitude, ft • * 
Alternate test. 

altitude, ft . . * 
U (at sea level) * » 
H' (at test altitude) 
(30,000 ft) . . o 


XFX4C-1 

XF14C-2 

12,750 

13,633 

0.259 

o. 246 

0.067 

0*085 

11,713 

11,920 

14, 743 

16,545 

24,338 

26,164 

16,000 

12, 000 


30,000 

9.72 

10.41 

15.99 

15.05 


27.8 



• -3? x 10“ 4 -52 x 10~‘ 

* ”116 x 10~ 4 -109 x 10 

o 153 x 10~ 4 161 x 10 
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Resume" of Model Test Results 


In. the clean condition, normal loading, normal control 
configuration for spinning, the XFlii-C— 2 model spun steeply and 
a satisfactory recovery was obtained by simultaneous reversal 
of rudder and elevator. With the elevator either neutral or 
down, recoveries were satisfactory by rapid full rudder reversal. 
Setting the ailerons partly or fully against the spin expedited 
recoveries of the model whereas setting ailerons with the spin 
retarded the recoveries. 

Extending mass along the wings (AEy and AT Z = 0.35 Ij) 
led to spins from which the recoveries of the. model were satis- 
factory when the ailerons were either neutral or against the spin 
regardless of elevator setting. Recoveries from all aileron with 
spins were unsatisfactory. 

Retracting mass along the wings (AI X and AI Z = -0.12 Ij) 

or extending the mass along the fuselage led to conditions where 
aileron-against and elevator-dcrwn settings had an adverse effect 
on recoveries. 

Moderate variations in the center of gravity location ±0.05c 
did not appreciably alter the recovery characteristics of the model. 

For the normal- loading condition with the flaps deflected 50°, 
for the normal- loading condition with the slots fully opened, for 
the landing condition (landing gear extended, flaps down 5O 0 , slots 
open and ailerons drooped 15°) or for a condition similar to the 
landing condition except that the ailerons were not drooped, the 
recovery characteristics of the model were satisfactory only for 
aileron with spins, regardless of elevator setting. Extending the 
landing gear alone did not appreciably alter the recovery charac- 
teristics of the model. 

Recoveries from all inverted spins obtained were satisfactory 
by rapid full rudder reversal. 

The installation of a revised vertical tall did not appreciably 
alter the recovery characteristics of the model for all conditions 
tested. 

Increasing the equivalent test altitude from 12,000 feet to 
30,000 feet led to spins which were flatter and to recoveries which 
were slower than the corresponding spins for the equivalent test 
altitude of 12,000 feet. NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 
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The spin and recovery characteristics of the XFlhC-1 model 
were generally similar to those of the XFlhC-2 model. For the 
XF14C— 1 model, however, the aileron effect was more pronounced for 
the normal flying condition, aileron- against settings "being 
favorable and aileron-with settings adverse for all elevator 
settings. For the landing condition, the favorable effect of 


aileron-with settings were less favorable for the XFlHC-l model 
than for the XF14C— 2 model. NATIONAL ADVISORY 


COMMITTEE FOR AERONAUTICS 
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SPIN DATA OBTAINED WITH THE --SCALE MODEL OP THE CURTISS XPl^C-1 AND XFll+C-2 AIRPLANES 

[unless otherwise Indicated, steady-spin data are for rudder-with spins of the model in the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spina; 
equivalent test altitude, XF14Q-1 16,000 feet, XF14C-2 12,000 feed 


XFllj.C-2, normal loading, 
left spin 


Ailerons 


Elevator 


XFll+C-2, AI X and AI Z * 0.35I X 
left spin 


With 

Pull Against Neutral 


XF14C-2 

AI X and Alv = -0*12 I y 
left spin A 


Against Neutral With 


Ban 


XPll+C-2 

c.g. moved forward 
Q.OSiT, left spin 


Against 


Pull 


Elevator 

cl. 

deg 

0, 

deg 

m 

rps 


fps 


Neutral 


D 


iHBBPan BBaBMnga 

— — ■EasaiagEgagiEsi 


XFli 4 -C~ 2 , landing condition, 
left spin 

normal loading. 

Against 

Neutral 

With 


a Oscillatory spin. 
b Steep spin. 
c Wandering spin. 

^Visual observation. 
e Recovery attempted by simul- 
taneous rudder and elevator 
reversal. 

Recovers In inverted dive. 
^Oscillatory and wandering 
spin. 

h Two types of spin. 

%ide radius of spin. 

^Upon recovery, the model goes 
into an inverted spin. 

NATIONAL ADVISORY 
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open, landing gear extended, 
normal loading, left spin 


Elevator 


a, deg 


0, deg 


V, fps 


Turns 

for 

recovery 


XFII 4 .C- 2 , landing gear extended, 
normal loading, left spin 


Against 


Pull 


XFl^C-2, flaps down 5O 0 , 
normal loading, left spin 


Elevator 


a, deg 


XI, rps 


V, fps 


XElij.C-2, slots open, 
normal loading, left spin 


Ailerons! Against 


Neutral With 


XPll+C-2, Inverted spln 3 , 
normal loading 


Neutral With 


XPlJ+C -2 , revised tail, 
normal loading 


With 


Pull 


XI, rps 


V, fps 
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SPIN DATA OBTAINED WITH THE — — SCALE MODEL OF THE CURTISS XFlltf-1 AND XFli*C-2 AIRPLANES - Concluded 
20 

[phless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spina j 
equivalent test altitude, XF14C-1 16,000 feet, XF14C-2 12,000 feetj 



XFlq.C-1, landing condition, 
normal loading, left spin 


[XPlJ+C-l, original tail. Inverted la 


Elevator 

U 

N 

D 

U 

N 

D 

a, deg 

61 

5 9 

56 

58 

52 

52 

0, deg 

5D 

5D 

5D 

10D 

8d 

8d 

f 2, rps 

0.1+8 

o .5 k 

0.5U 

0.1+6 

0.51 

0.54 

V, fps 

170 

157 

163 

176 

170 

170 , 

Turns 

for 

recovery 

00 

00 

oo 

00 

CD 

00 j 


3pina, normal loading 

Against Neutral With 

U N D TJ 1 N ~D U F N 

33 ki 3 

N N — . ■■ N N zz: 1 


With 

11 

N 

D 

la 

53 

31 

5D 

ip 

1*D 

0.50 

b.6o 

0.79 

258 

285 

281 

^3 




Oscillatory spin. 
b Steep spin. 

^Visual observation. 

^Oscillatory and wandering 
spin. 

^Two types of spin. 


'Model recovers in erect glide. 
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Comparison of original £ revised tails 
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--SCALE MODEL OP THE GRUMMAN P2F-1 AIRPLANE 


Dimensional Data 


(Full Scale) 


b, ft (upper wing) . 

. . . . 28.50 

b, ft ( lower wing) . 

. . . . 26.00 

L, ft 

• * * * 20 • 83 

o’, in 

• • © • 5^4-* 20 

S, sq ft (total) . 

. . . 250.00 

A ( effective) ... 

. . . . i +.27 

Sh, sq ft 

* • • • 26ei[40 

S e , sq ft 

. . . . 10.80 

S,., sq ft . . . . . 

# « • • 12* 10 

S r , sq ft . . . . , . 

• * * • 5 • SO 

deg 

. 30 R, 30 L 

6 e , deg 

* 30 U, 20 D 

TDPF 

• • • • « 0 0 

Landing gear ... 

Conventional 



Mass Data 


Normal Loading 
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W, lb 

• * • • 

. 3782 

x/c 

• * * * 

. 0.330 

z/o * 

• * * * 

- 0 . 0 i|Q 

I x , slug- ft 2 . . 

• • • • 

. 1003 

I Y » slug-ft^ . . 

* * * • 

. 2198 

Ig, slug-ft . . 

• * * * 

. 2631 

Test altitude, ft 

« » « * 

. Uooo 

(i (at sea level) 

* • « 9 

. 7.06 

n» (i +000 ft) . . 

* * * * 

. 7.97 





-125 x 10~k 
~k5 x 10~^ 

170 X 10 
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Resume’" of Model Test Re stilts 


In the clean condition, normal loading, and normal control 
configuration for spinning, the model spun at a moderately flat 
angle of attack (a = 47°) . Recoveries by rapid full rudder 
reversal required 2^ turns and by rapid full simultaneous reversal 
of rudder and elevator 2 to 2^ turns. Satisfactory recoveries 
could not be obtained when the elevator was either neutral or down. 


Slight increases or decreases in the values of the gross weight, 
moments of inertia, or center of gravity location did not appreciably 
alter the turns for recovery of the model from the rudder-with 
elevator— up spin. 

Area added to the fin and rudder (modification l) generally 
improved the recovery characteristics of the model, although 
recoveries were still unsatisfactory for the elevator— neutral 
and elevator-down settings. NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 
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SPIN DATA OBTAINED WITH THE ^--SCALE MODEL OP THE GRUMMAN F2F-1 AIRPLANE 


[uniess otherwise indicated, steady- spin data are for rudder-with, aileron-neutral 
spins of the model with the landing gear extended and recoveries were attempted by 
rapid full rudder reversal from right erect spins] 



Normal 

loading 

Modification 1 

Effect of weight changes, mass variations, 
movements* and retracted landiner srear 

Elevator 

U 

N 

D 

u 

N 

D 

on turns for recovery# elevator orlgl: 
up 

Sally 

a, deg 

b7 

58 

59 

k2 

58 

58 

Aly and AI Z = 0.08 I x 

a i| 

a 2 

0, deg 

3U 

2D 

3D 

kv 

2D 


3D 

AI X and AI Z = ~0.08l x 

Spl 

2 

_TL, rps 


0.59 

0.63 

0 .U 7 

Ba 


AI Y and AI Z = 0.02 Iy _ 

c.g. moved forward u. 03 c 

a 2 

V, fos 


109 

106 

>7 

132 

IS 


Aly and AI Z = 0.02ly 

c,g. moved back 0 . 03 <? 

& S 

Turns 

for 

recovery 

2 

a 2 

a 2 i 

*2 


1 

a I 

*>! 

* 

>i 

>k 

AW = 0.03W 

Aly and AI Z 2 G.09Iy 

*4 

a 2-i 

2 

I 

AW = -Q.03W 

Aly and AI Z “ *0.09 Iy 

*4 

a Recovery attempted by simultaneous 
reversal of rudder and elevator. 
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AW = 0.02W 

AI X and AI Z = »0.Q8l x 
Aly and AIz = 0.09 Iy 
c.g. moved back 0.0^~a 

a 2i 

2 

a 3 

AW = 0.02W 

AI X and AX Z - ~0*08 I x 
Aly and AI Z 2 0 .09 Iy 
c.g. moved back 0 . 03 c, landing 
gear retracted 

*4 

Normal loading# landing gear 
retracted 

m 


Modification / 
(Areas, fufi scale) 



.45 sg. ft. 
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— -SCALE MODEL OF THE GRUMMAN XFJF-l AIRPLANE 
12 


Dimensional Data 


(Full Scale) 


b (upper wing), ft 

» 

• 

. . 32.00 

b (lower wing), ft 

» 

a 

» . 29*50 

L, ft ...... 

« 

a 

. . 22.00 

e, in 

• 

• 

. . 52.00 

S, sq ft 

<* 

• 

. . . 261 

A (effective) . . 
L.E. c aft L.E. c r 

♦ * 
in* 

. * 4*75 

( lower wing) . . 

« 


. . 18 . 78 

s h , sq * • » * 

» 

• 

. . 30.64 

s e , sq ft « •* » * 

• 

a 

. . 10.80 

Syy sq ft • * « * 


a 

. . 12.34 

Sy* J SO f* t) e # 9 « 

* 

a 

• • 5*44 


* 

a 

30 R, 30 L 

6^| e • * « » 

* 

« 

55 U, 30 D 

5 $ do g • • « • • 

a 

a 

20 U, 20 D 

TDPF 

a 

a 

* * * e 0 

Landing gear * . * 

a 

Conventional 
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Mass Data Mode/ as tested. 



T Z ” 
mb^ 


« 


Fighter loading 




4017 


4250 


0.330 


0.348 


- 0.076 


0.045 


1469 


2023 


2552 


2615 


3380 


3903 


4000 


4000 


6.28 


6.63 


7*09 


7-48 

-85 

x 10“^ 

-44 

x io~4 

-64 

X 

O 

-95 

x xo~4 

149 

X 10**^ 

159 

X 10 
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Resume^ of Model Test Results 


In the clean condition, normal fighter or 'bomber loading, 
normal- control configuration for spinning, the model spun at a 
moderately flat angle of attack (a = 46° and a = 45°, respectively) 
and recovery was satisfactory only by rapid full rudder reversal. 
With the elevator either neutral or down, recoveries could not 
be obtained. 

With the landing gear extended retracting mass along the 
wings (AEy and AEg =-0.10 Iy) , extending mass along the 

fuselage (ATy and Alg = 0.08 Iy) , moving the center of gravity 
forward 0.03c from its normal position, or various combinations 
of any of the foregoing changes led to spins from which satisfactory 
recoveries generally could not be obtained. Extending mass along 
the wings ( ACy and ACg = 0.10 Iy) or moving the center of 
gravity rearward 0.03c from its normal position did not appreciably 
effect the recovery characteristics of the model. 

In an endeavor to improve the recovery characteristics of the 
model. by simultaneous reversal of rudder and elevator, area was 
added below the fuselage, to the rudder, and to the leading edge 
of the fin (modifications 1 to 7> inclusive) . In general these 
modifications improved the recovery characteristics of the model, 
particularly the simultaneous addition of modifications 6 and 7. 

With area added to the trailing edge of the rudder and rear 
part of fuselage (modification 8) , tbs recoveries were satisfactory 
from the aileron neutral, elevator -up control setting for either the 
normal loading or worst loading condition {AEy and AEg = ~Q.10 Iy 

AEy and AEg = 0.08 Iy, and center of ©?av!ty moved forward 

0.03c from its nonaal position) with the landing gear either 
extended or retracted. 


NATIONAL ADVISORY 
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SPIN DATA OBTAINED WITH THE y^-SCALE MODEL OF THE XF3F-1 AIRPLANE 

jt’nless otherwise Indicated, steady-spin data are for rudder with spins of the model in the clean condition 
U and recoveries were attempted by rapid full rudder reversal from right erect spins .j 


Normal fighter 
loading 


Fighter, effect of mass variations and 

Normal fighter Normal boraber losing wheels c *6* movements on turns for recovery, 
loading, wheels loading ±0 ^dowi ^ modification 1, wheels down 

down Ailerons j Neutral 
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-SCALE MODEL OF THE ®Mffl FJF-2 AIRPLANE 


Dimensional Data 
(Full Scale) 


b, ft (upper 

wing) 


* 

* , 32,00 

b, ft ( lower 

wing) 

© 

* 

. . 29.50 

L, ft . * , 



© 

9 

, . 22. 10 

0 3 in e © 9 © 

© €» 

* 

• 

9 

. . 52.00 

S, sq ft ( total) 

» 


* 

. • 280 . 80 

A (effective) 

! 0 

© 

* 

* 

... I4.. 75 

Sjj» sq ft . 

© • 

« 

* 

• 

. . 3 0 * 6I4. 

S e , sq ft * 

« « 


6 

« 

. . 10.80 

S v * sq ft . 

© * 

■8 

© 

* 

. • 12 ,3 U 

S r , sq ft . 

« © 

* 

# 

© 

» * 5 * 

6 r , deg * * 

• 9 


* 

© 

30 R, 30 L 

6 e , deg * . 

9 « 

* 

« 

© 

35 U, 25 D 

6 a , deg . . 

• # 


© 

8 

20 U, 20 D 

TDPF * * « # 

• 9 

e 

* 

8 

« © e © 0 

Landing gear 

» © 

« 

© 

Conventional 


<1 e/ev. hinge 


X][s slug-ft * * 
I Y » slug- ft? . * 
l 2 » slug-fv . * 
Test altitude, ft 
(at sea level) 
p* (10,000 ft) . 


.92 92 

= 33 - 


7—^4“ 

~i. aileron hinge 



0°iMc/cfetfce • 


-29.50* 


£ -0 o wc/cfewce 
* -Bt: 75* 

Mode! as tested. 





(||!f 


v '# rudder 
hinge 


Mass Data 
Normal Loading 


I W, It S»484e««*9* ' 1^503 
c ............ 0 »358 

2/ C«»» 4844 « 48 <e 0 » 03 5 


, 1520 
- 2952 
, 3825 
10,000 
, 7*06 
. 9.57 


I X- X Y 


I Y ~ I z 


J Z - 


* & © ■» ® 


. , *>100 x 10 


-6l x 10" 


161 x 10" 
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Re suras of Model Test Results 


In the clean condition, normal loading, and normal control 
configuration for spinning, the model spun at a flat angle of 
attack (a = 52°) and recoveries "by either rapid full rudder 
reversal or simultaneous reversal of rudder and elevator were 
satisfactory. Recoveries from spins for other elevator-aileron 
control settings for the normal- loading condition were generally 
unsatisfactory. There appeared to he little effect on elevator 
neutral or down spins (ailerons neutral) when the mss was 
extended or retracted along the wings (Aly and ~ 0*30 Ij 

or -0.2 0 Ijr) , along the fuselage (&Iy and Alg = ±0.20 Iy), 

or when the center of gravity was moved forward or hack 0.05c 
from its normal position. 

In an attempt to improve the recovery characteristics of 
the model, additional area was added to the top of the tail 
(modification l) . This modification proved very effective and 
the recovery characteristics of the model were improved. A more 
practical modification incorporating additional fin and rudder 
area, (modification 2) also led to improved recovery characteristics. 

NATIONAL ADVISORY 
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SPIN DATA OBTAINED WITH THE --SCALE MODEL OF THE GRUMMAN FjF-2 AIRPLANE 

(Unless otherwise Indicated, steady-spin data are for rudder-with spins of the model in the. clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spins] 



NATIONAL ADVISORY 
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“Wandering and oscillatory spin. ® Recovery attempted by movement of rudder from neutral 

»Wandering spin. „ t0 a « alnst the 3pln - 

c, r , , . Before recovery was attempted the model was in a 

Visual observation* wandering condition. 

“Recovery attempted by simultaneous reversal of rudder ^oscillatory spin, 
and elevator. J 

° Velocity of model too high to test. J Steady spin data are for rudder neutral spins. 

^Steep spin. 
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-SCALE MODEL OF THE GRUMMAN XFl+F-2 AIRPLANE 


Dimensional Da 
( Full Scale) 


b, ft .... . 

Lj ft » » » ® . 

O $ 1X1 <* # • « e 

Sj S(J ft * e « 

A ...... . 

L.E. 5" aft L.E. 
sq ft * » « 


sq ft 

sq ft 
sq ft 
deg . 


“ 7 » 

V 

s r * 

6 e * deg • . . 

6 a * de S • * * 

6f* deg « * « 

TDPF * * * < 

Landing gear 


e r » m 


^ $ Tt) « « « 9 » * 

z / 0 ft ® e 9 • © ft 

P 

S 1 H g w f "fc © » 

Iy# s lu g**® if 5 is ® ® 
l2» slug-ft^ . . 
Test altitude, ft 
fi. (at sea level) 
u (1+000 ft) . . . 



Normal Loading 
I» - ] 


5386 
0.258 
0.0 j +2 
1506 
3685 
U851 
1+000 
8.92 
10.08 


mb^ 


iz 


mb^ 

iz ~ ix 


m 


b 2 


. . . . . -113 x 10“** 

h 

ft * « # ® 9 *» 6 o x 10 

...... 173 X 10”^ 

NATIONAL ADVISORY 
COMMITTEE FOB AERONAUTICS 
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Be's'isme^ of Model Test Results 


In the clean condition, normal loading, and normal control 
configuration for spinning, the model descended in a wandering 
motion at a rate of descent in excess of l60 feet per second, 
full scale. With the elevator 15° up, the model spun at a flat 
attitude (a = 5^°) and recoveries obtained by rapid full rudder 
reversal or by simultaneous reversal of rudder and elevator were 
2 ~ and 2~ turns, respectively. With the elevator either neutral 

or down for the ailerons set neutral or against the spin, 
recoveries by rapid full rudder reversal were unsatisfactory 
(>2 turns) , When the ailerons were set full with the spin, the 
rate of descent of the model was in excess of the maximum airspeed 
of the tunnel, extremely steep spins being indicated from which it 
is believed that recoveries would have been satisfactory by rudder 
reversal . 


Extending the mass along the wings (aIj and AEg - 0.30 Ij) 
or along the fuselage (AEy and Mg = 0,30 Xy) , moving the center 

of gravity forward or back O.Okc from its normal position, drooping 
- the ailerons 20°, extending the landing gear, or lowering the flaps 
30° did not appreciably alter the recovery characteristics of the 
model. Lowering the flaps 60° produced a no— spin condition for 
the aileron-neutral, elevator-neutral setting, normal loading. 


For the condition of mass extended along the fuselage (AEy 
Alg = 0,30 ly), the addition of a ventral fin (modification l) to 
the model did not appreciably improve the unsatisfactory recoveries 

from the alleron-agalnst apins. NATIONAL ADVISORY 

COMMITTEE K» 
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SPIT* DATA OBTAINED A'TTH THE ^-SCALE MODEL OP THE GRUMMAN XF4F-2 AIRPLANE 

[Unless otherwise indicated, steedy-spin date are for rudder-with spins of the model i n the clean 
1 condition end recoveries were attempted by rapid full rudder reversal from right erect spins ] 



Effect of mass 
variations and 
c.g. movements 
on turns for 
recovery. Aileron 


Ailerons drooped 10 
riormal loading 


Aly and A I 7 = AI V and AI 7 = 

0.?0 I Y 0.30 Iy" Modification 1 

AT and Air — 

Landing gear Landing gear Yq 

extended, flaps extended, flaps . Y 

down 30 ° down 60 ° 


22°U, 19°p 


Ailerons 

Neutral 

Neutral 

Elevator 

15 °U N 

D 

15°U N 

a, deg 

& 

— 

— -j 51 

A deg 

ID 


: id 

A, ros 

0.50 

— 

i 0.50 

V, fos 

130 

.... 

j 130 

Turns 


i 

| 

for 


: 

c 2f i 5 

recovery 

* ? 3 

1 

4 


MAT! Of SAL ADVISORY 

“velocity too high to teat. COMMITTEE TOR AERONAUTICS 

^Rudder originally neutral. 

c Recovery attempted by simultaneous reversal of rudder and elevator 
^Visual estimate,, 
e Wandering spin. 

^Tsil wheel Installed. 


Modification I 
Area {full scale) =e.0sq. ft 
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-L- SCALE MODEL OF THE GSRUMMN XFl*F-3 AIRPLANE 


Dimensional Data 


b» ft . . 

(Full 
• « * 

Scale) 

9 « ft 

. . . 58.00 

L, ft . . 

♦ ft 

ft 

ft 

ft 

* 

. , . 26.92 

c, in. . 

* « 

* 

ft 

ft 

ft 

... 81 *. ll* 

S, sq ft 

# « 


ft 

ft 

* 

. « 260 « 00 

i ...» 

e * 

« 

ft 

® 

* 

. « * 5*5^ 

S h , sq ft 

* ft 


* 

ft 

* 

. . 4 lid.?© 

S e » sq ft 

® » 

* 

ft 

ft 

* 

. . . 19.90 

S v , sq ft 

» « 

ft 

ft 

• 

e* 

. . . 18.38 

S r , sq ft 

ft « 

* 

ft 

ft 

<a 

. . « 9 * 20 

6 r , deg . 

* # 

ft 

» 

e 

* 

-30 R, 30 L 

6 e» deg • 

9 a 

* 

ft 

ft 

* 

30 V, 20 D 

6 a » deg • 

* * 

ft 

ft 

« 

« 

232 °* 20 D 

8 f» deg • 

* » 

ft 

ft 



» « » 60 L 

TDPF . . 

ft 9 

«< 

ft 

# 

* 

. 23 X 10” 6 

Landing gear 

e 

ft 

ft 

Conventional 



Mass Data 

' ~ NATIONAL ADVISORY 

Normal Loading COMMITTEE FOS MROiAUTICS 


Wj lb 4 « 5824 

X/ C ♦ ft ft « « e © * * « ft «0ft 23 8 

z/c * » « * » ® « « « * * © 0*003 

Xjr, slug- ft ******* 2510 

I Y$ slug** ft *«©«««* I4998 

l£, slug-ft^ * * * * * * * 6809 

Test altitude* ft • • • • 12*000 

jjt (at sea level) * % * * * 7*72 

|i J (12,000 ft) ****** 11*18 



mb^ 

J Z " J X 

,2 

mb 


-103 K icT^ 
- 6 p x 10 “^ 

172 X 10 “^ 



*•« «• *• 
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Besum/ of Model Test Be suits 


For the clean condition, normal loading, and normal control 
configuration for spinning, the model spun at a moderately flat 
angle of attack (a = 4-9°) and recovery was satisfactory hy rapid 
full rudder reversal (l^ turns). Setting the ailerons against the 

spin had an adverse effect, whereas setting ailerons with the spin 
had a favorable effect. 

In general, for all loading and flap conditions tested, satis- 
factory recoveries were obtained for elevator— up spins with the 
ailerons neutral or with the spin; recoveries from spins with other 
elevator-aileron settings were generally unsatisfactory, 

Eaising the stabilizer 10 inches, full scale, (modification l) 
or adding area to the fin and rudder (modification 2) improved the 
recovery characteristics of the model, although, recoveries from 
spins from which recoveries were previously unsatisfactory were still 
generally unsatisfactory. A combination of raising the horizontal 
tail 10 inches and adding area to the fin and rudder (modifications 1 
and 2) proved effective, but recoveries were still unsatisfactory 
from spins with the elevator neutral or down with the ailerons set 
either neutral or against the spin. 

Moving the fin and rudder forward 10 inches, full scale, (modifi- 
cation 3) in conjunction with adding area to the fin and rudder 
(modification 2) led to an improvement of the recovery characteristics 
for the normal-loading conditions and several mass variation tested; 
however, recoveries were still unsatisfactory for elevator— neutral 
and elevator-down settings with the ailerons set either neutral or 
against the spin. 

Other modifications tested (modifications 5 to 11, inclusive) 
were generally not as effective as modification 2 tested in conjunction 
with a movement of the vertical tail 10 inches, full scale, (modi- 
fication 3) forward of its original position. 

Becoveries from all inverted spins obtained were satisfactory 
by rapid full rudder reversal. 

With the test altitude of the model lowered to 4000 feet, the 
recovery characteristics of the model improved slightly. 

NATIONAL ADVISORY 
COMMITTEE F0I AERONAUTICS 
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SPIN DATA OBTAINED WITH TEE jg-SCALE KOBEL OF THE GROGAN XPl+F-J AIRPLANE 

[Unless otherwise Indicated, steady-spin data are for rudder-with apiaa of the model In the clean conditio 
attem P ted by rapid full rudder reversal from right erect soln® equivalent test 
axiituae l<! , 000 feet except as indicated. 



Ailerons j Against 


Elevator 


Normal loading 
j Neutral T 


Rudder neutral spins, 
normal loading 


Against Neutral 


Effect of mass variations and flap deflections] 
on turns for recovery f 

Ailerons j Against | Neutral 


Elevators 


m i ap i m gsigBss ^BasBBiiaaji 

EEESsEESESJESEBBBB^EBESflEHBBBBfil 


Flaps 50° 
down 


Inverted spins, normal loading 


with 


Inverted spins, modification 1, 
normal loading 


Turns 

for 

recovery 


Modification 2, normal loading 


With 

I 1 

N 


Modifications 1 and 2, 
normal loading 


Modifications 2 and 5, 
normal loading 


Turns 

for 

recovery 


Effect of mass variations, c.g, movements, and 
landing gear on turns for recovery. 
Modifications 2 and 3* normal loading 


c.g, moved forward 

0.05c 

c.g. moved back 
0.05 c 


Modifications 2 and I4., 
normal loading 


Against Neutral j With j Against 


Against 


With 

Elevator 

DDBDOBlil 

a, deg 

999999999 

0, deg 

999999999 


I999999B 


Turns 

for 

recovery 


a A’andering spin. 

^Vertical velocity too high to teat or 
attempt recovery. 

c Recovery attempted by simultaneous 
reversal of rudder and elevator. 

^Two conditions possible. 

^Recovery attempted for the flatter of 
two types of spin. 

f Mo del too wandering and oscillatory to 
test or attempt recovery. 

^oscillatory spin. 

^£odel recovers and goes into an erect 
right spin. 


NATIONAL ADVISORY 
COMMITTEE FOR AEflOBASITJCS 
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SPIN DATA OBTAINED WITH THE ^.-SCALE MODEL OF THE GRUMMAN XPljP-3 AIRPLANE - Concluded 


[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean 
condition and recoveries were attempted by rapid full rudder reversal from rlarht erect 
equivalent test altltuae 12*000 feet except as indicated^ sn erect spins. 


Effect of various ta^l 
modifications on turn for 
.recovery from the aileron 
neutral, elevator neutral 
condi tion, normal loading 


Normal loading, 
equivalent teat 
altitude 4000feet 

Modification 2, 
normal loading, 
equivalent teat altitude 
/4.OOO feet 

Modifi- 

cation 

Turns for 
recovery 

Ai lerons 

Neutral 

Neutral 

with 

5 

% 

Elevator 

U 

N 

(1) 

N 

(1) 

D 

U 

N 

(1) 

N 

(i) 

D 

.. 

— 

- 

6 

3 

a, deg 

2k 

71 

60 

58 

25 

66 

58 

60 

.. 

.. 

- 

7 

CO 

0, deg 

ID 

2U 

2U 

2U 

4u 

2U 

2U 

3U 

.. 

— 

.. 

8 

* 

A, rps 

0.55 

0.66 

O.58 

O.59 

0.57 

0.62 

0 

vn 

-0 

0.61 

... 

- 

.. 

9 

i 

y, fps 

241 

112 

129 

126 

233 

116 

129 

121 

.. 

— 

.. 

10 


Turns 

for 

recovery 

i 

5 

3 

4 

.... 

i 

i 

* 

- 

- 

- 

li 

>8 


^wo types of spin possible. HATICWAa. ADVISORY 


comrrm ton m*s«*h 



Modifications Z and 3 



/modifications Zand 4 


r 



ModmcGdons 5 t& // /he/. 



(Arms full seal®) 
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l/22- SCALE MODEL OF THE GRUMMAN XF5F-1 AIRPLANE 


Dimensional Data 


(Full scale) 


b, ft . . . . 


L, ft • • • • 

® * * • * 28 *9 1 

in * • * ® 

88960 

S, sq ft . . 

. . . . 303.50 

A 

® • • * * 5 * ^2 

Sfc* sq ft * * 

• • • • • 5^4-* 20 

S0 ^ S(J ft * ® 

• # » « #21# 60 

S v » sq ft , . 

» « • e *3^® 20 

sq ft « « 

. • . . . 15 * 20 

6 > deg e 9 * 

. . 30 R, 30 L 

8 e * deg 

. . 30 U, 20 D 

deg • * « 

. . 22 U, 15 D 

6 a , deg (1/2 stick) 9 U, 8 D 

6 £*$ deg « « » 

* 9 # * # 60 0 

TDPF .... 

. . 1973 X 10“ 6 

Landing gear 

. Conventional 



Mass Data 
Normal Loading 


NATIONAL ADVISORY 
COMMITTEE FDR AERONAUTICS 


W j It ••■•••• 

■x /<3 ........ 

z/o ........ 

Tj, slug-ft^ . . . 

Iy, slug-ft2 . . . 

L P 

1 %, slug- ft . . . 

Test altitude* ft . 
m (at sea level) . 
(10,000 ft) . . 


. 8, 6l6 

. 0.234 

. 0.077 
10,787 
. 7,171+ 
17,264 
10,000 
. 8.83 
• 11.97 


lx ” t y 
inb^~~ 
*Y ~ *Z 
mb^ 

J z - H 

mb^ 


. 76 X 10~k 
-213 x 10“^ 

137 X 10“^ 



• ft ««« *« 


NACA RM No. L7E15 


125 


» 

» 

m 

» 

S . ; 

Resume*’ of Model Test Results 

»« 

« 

In general, for all conditions tested with the normal control 
configuration for spinning the model spun steeply with a rate of 
descent exceeding 286 feet per second, full scale. The model 
generally would not spin with the elevator neutral or down or 
with the ailerons set against the spin. Results indicated that 
recoveries from all spins obtained would he satisfactory by 
rapid full rudder or elevator reversal. 

Opening the cockpit or extending the landing gear with the 
cockpit open had no effect upon the spin and recovery character- 
istics of the model (data not presented) . NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 
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--SCALE MODEL OF THE GRUMMAN 


XF6F-3 AND XF6F-1 AIRPLMES 


Dimensional Data 


( Full Scale) 


(Data are the same 

for both air- 

planes except where noted) 

b, ft 

• « « 

. 1+2.83 

L, ft 



XF 6 F -3 airplane . 

# * 9 

. 33-70 

XF 6 F -1 airplane . 

» • # 

- 33-52 

<T, in* ****** 

* * 9 

. 97* ho 

S* sq ft * • • * * 

• * « 

33 I 4..00 


* ♦ ♦ 

- 549 

c &ft 0 j» i 

in * * 

, 10 . 11 + 

S h , sq ft 

• 9 e 

. 76.70 

Sg | scj ft » » * « * 

• • • 

. 27.50 


♦ * * 

. 2340 

Sj* ^ SC[ ft • • • • • 

• • * 

. 9.00 

8 r , deg *•*•*» 

. 30 

R, 30 L 

8 ^* deg • 

. 30 

U, 20 D 

5a* deg • •**** 

- 19 

U, 15 D 


« e « 

. 50 D 

TDPF 

. 177 x 10 "4 


landing gear . . . Conventional 



XF6F-3 Mode/ 


The XF6F-1 and the 
XF6F-3 airplanes are 
dimensionally similar with 
the exception that the nose 
section of the XF6F-1 
differed slightly from that 
of the XF6F-3 as shown on 
the comparison sketch. 


Compcaistm of «wb eecfiam of the XF6F-/ ohd IF6F-3 ofrpkw&s 



Mass Data 

Normal Loading 


NATIONAL ADVISORY 
COMMITTEE F05. AERONAUTICS 


XF6F-3 XF 6 F -1 


XF 6 F -3 XF6F-1 


W, lb ..... . 

11,087 

10,558 

x/c . « * . * « * 

. 0.21+7 

0.265 

z /c •««»«»« 

. 0.093 

0 . 09 k 

Ijj slug-ft^ « * 

. 8787 

8860 

Iy, slug-ft . . 

11,563 

11,067 

slug-ft * * 

19,950 

19,337 

Test altitude, ft 

. 18.000 

16,000 

i-i (at sea level) » 

. 10.10 

9 . 6 I 4 

p* ( 18*000 ft). . 

. 17.69 

*16.91 


H - X Y 

r*s 

. . -14 X 10“*+ 

-36 x 10 

mb 

Iy - Iz 

. . -131 x 10”^ 

-137 X 10 4 

mb^ 

i z - i x 

. . 175 x 10 4 

173 X 10 4 


mb^ 
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Resume' of Model Test Results 


For the ZF6F— 3 model in the clean condition, normal loading, 
normal control configuration for spinning, two types of spin were 
possible; recovery from the steeper of the two spins (a = approxi- 
mately 25 °) was satisfactory hy rapid full rudder reversal, whereae 
recovery from the moderately flat spin (a = bk°) could only he 
obtained hy simultaneous rapid full reversal of rudder and elevator. 
Unsatisfactory recoveries hy rapid full madder reversal were obtained 
for all other control settings except when the ailerons were against 
the spin and the elevator full up. 

Extending or retracting the mass along the wings (Aly and 
AIZ = 0.35 Ixj o r - 0.30 lx), extending or retracting the mass along 
the fuselage (My and AI^ = 0.25 ly, or — 0.07 Iy) , or a forward 
or rearward movement of the center of gravity 0 . 05 c from its normal 
position had no appreciable effect on the spin and recovery charac- 
teristics of the model. 

Recoveries from spins with the model in the landing or take-off 
condition were slower than for the model in the clean condition. 
Satisfactory recoveries from inverted spins hy rapid full rudder 
reversal were obtained only when the controls were together or neutral. 

Raising the horizontal tail 12 inches, full scale (see sketch), 
improved the recovery characteristics of the model and recoveries 
were generally satisfactory from the aileron-against and aileron- 
neutral spins. 

Installation of antispin fillets, vertical fin area below and 
to the rear of the fuselage, or the addition of area to the top of 
the fin and rudder (see sketches) did not appreciably alter the 
recovery characteristics of the model (data not presented) . 

Installation of a revised horizontal tail with decreased 
maximum elevator deflections of 26 ° up and 15 ° down had little 
effect on the recovery characteristics of the model. 

Tests conducted with the XF6F— 3 model ballasted and revised to 
conform to the XFfiF— 1 airplane showed similar spin and recovery 
characteristics as obtained with the XF6F— 3 model. 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 
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SPIN DATA OBTAINED WITH THE SC ALE MODEL OP THE GRDMWAN XF6F-3 AND ZP6P-1 AIRPLANES 

[tlnless otherwise Indicated, steady-spin data are for rudder-with spins of the XF6F-3 model in the clean 
condition and recoveries were attempted by rapid full-re veraal from right erect spins 





NATIONAL ADVISORY 

“Two types of spin. CC#HITTEE F« AERONAUTICS 

^Recovery attempted before final stedper altitude was attained* 

^Visual observation. 

G Goes Into inverted flight after recovery from erect spins, 

®Reeovery by simultaneous full reversal of rudder and elevator. 
f Goes Into inverted spin after recovery from erect spin. 

SRecovery attempted by reversing rudder from full-with to 2/3 against the spin. 

^Recovery attempted by simultaneously reversing rudder to 2/3 against spin and 
neutralizing elevator. 

^Recovery attempted by simultaneously reversing rudder to 2/3 against spin and 
moving elevator to full down. 

^ Steeper type of spin also possible. 

^Oscillatory spin. 

^Steep spin at high velocity 

“Steep, wandering, and violently oscillatory spin, 

Pandering and oscillatory spin. 

°Two types of spl^n possible; moderately flat spin 3ir*lar to elevator- 

spin, and steep, wandering, and violently oscillatory, also possible. 

^Recovery attempted by full rudder reversal. 

^Wandering spin. 

r Steeper type of spin similar to that with elevator neutral also possible. 
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SPIN DATA OBTAINED WITH TEE SCALE MODEL OF THE GRUMMAN XF^F-J AND XF6F-1 AIRPLANE - Concluded 

(unless ofc herwise indicated, steady-spin data are for rudder-with spins of the XF6F-3 model in the clean 
condition and recoveries were attempted by rapid full -reversal from right erect spins] 


Ailerons 


Elevator 
a, deg 



Horizontal tall raised 12 inches, normal leading Revised horizontal tail, XF^F-l revised horizontal tail, 

normal loading normal loading 



NATIONAL ADVISORY 

o Visual observation. COMMITTEE FOR AERONAUTICS 

<*Goes into inverted flight after recovery from erect spina. 

®Recovery by simultaneous full reversal of rudder and elevator. 

*Goes into inverted spin after recovery from erect spin. 

^Steeper type of spin also possible. 

“Oscillatory spin. 

^Wandering and oscillatory spin. 

PRecovery attempted by full rudder reversal. 

^Wandering spin. 

^Steeper type of spin similar to that vith elevator neutral 
also possible. 
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-SCALE MODEL OF THE GRUMMAN XFJ F-l AIRPLAME 


Dimensional Data 


(Full Scale) 


b, ft 

e * 

* 

<a » 

. 51.50 

lj ft) * • ♦ • « 

« * 

© 

« « 

. Lilt .. 71 

c; in# • • • < 

* « 


• # 

111.65 

S ? sq ft * • « 


• 

« a 

U 55.00 


a # 

# 

* 9 

. 5.83 

L«£« c aft L*E, 

c r* 

in 

» * 

. . 0 

S h , sq ft . * 

» ® 

a 

9 «• 

108.80 

S e , sq ft • • 

« 9 

« 

* # 

. 36.60 

Sy j sq ft • ♦ 

m * 


9 * 

. 53.80 

8 r * sq ft • * 

« © 

• 

© • 

. 21.14.0 

&£»$ deg • • 9 

« * 

# 

30 

R, 30 L 

8 e » deg- • » • 

« * 

* 

20 

U, 20 D 

deg « # * 

» © 


20 

U, 18 D 

deg ® * ® 

• • 

e 

© « 

. I4O 0 
/ 

TDPF . . . * 

« & 9 

« 

14+9 x 10 

Landing gear 

* « * 


e 

Tricycle 



Mode! as tested 


lb 

17 , 777 


. 0.262 

Z/ C * • # S ® * « ® 9 ® • 

. 0.126 

O 

slug** ft # « # © * * 

140,087 

Iy ? slug**ft ***©*» 

25,595 

p 

1 2^5 slug"" ft ® ® ® *> * « 

6I4, 151 

Test altitude* ft » * © • 

15,000 

14 (at sea level) .... 

. 9*91 

14* (15,000 ft) 

. 16.21 


MAT I ON AL ADVISORY 
COMMITTEE FQ8 AERONAUTICS 

, ~h 

. 99 x 10 

. -263 X 10“^ 
....... 16U x l0~k 

2 

mb 


Mass Data 
Normal Loading 

T x “ t y 

mb 2 


mb 



# 5 ®® 
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. / 

Resume of Model Test Results 

m 

m 

In the normal loading, clean condition, and normal control 
configuration for spinning, the spin of the model was oscillatory 
in pitch and rate of rotation, and recovery by rapid full rudder 
reversal alone was not satisfactory. The turns for recovery 
apparently varied with the phase of oscillation during which the 
rudder was reversed. Aileron-against settings expedited recoveries, 
whereas aileron-with settings retarded recoveries. Recovery by 
reversal of the elevator from full up to full down in conjunction 
with rudder reversal led to satisfactory recoveries for all aileron 
settings. The results indicate that incomplete rudder or elevator 
reversal would have a detrimental effect upon recovery. 

Extending or retracting the mass along the wings (Aly and 
£1^ = +0,20 Ij) , extending or retracting the mass along the fuselage 
(Aly and Alg = 0,20 Iy or -0,09 ly) , or a forward or rearward, 
movement of the center of gravity 0,10c from its normal position had 
no appreciable effects upon the recovery characteristics of the model. 

Results obtained for the model in the landing or take-off 
condition (flaps deflected 40°, landing gear extended, and landing— 
gear doors open) generally were quite similar to corresponding spins 
for the clean condition. 

Increasing the vertical tail area (modifications 1 and 2), 
adding an antispin sail (modifications 3 and 4) , adding a dorsal fin 
(modification 5) , or eliminating the wing duct entrances on the 
leading edge of the wing (data not presented) did not appreciably 
alter the spin and recovery characteristics of the model. 

The model would not spin inverted for any control configuration 
(data not presented) . NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 
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SPIN DATA OBTAINED WITH TEE —SC ALB MODEL 0^? THE GRU5&TAH XPTF-X AIRPLANE 

[unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the cle&n 
condition and recoveries were attempted by rapid full rudder reversal from right erect spins J 



a Steep spin. 

b Oscilletory spin. Range of values or average values given. 
c Two conditions possible. 

Recoveries attempted before final steep attitude wps attained. 

®Visual observation. 

f Model recovers ir. a soiral. 
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SPIN DATA OBTAINED WITH THE -pSCALE MODEL OP THE GRUMMAN XF?F-1 AIRPLANE - Concluded 

Cunleaa otherwise indicated, steady-spln data are for rudder-wlth spins of the model in the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spinsj 


Flaps down k0°, normal loading 


Modification 1, normal loading 
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Modification 2, normal loading 
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a 5teep spin. 

Oscillatory spin. Range of values or average values given. 

Recoveries attempted before final steep attitude was attained. 
® Visual observation. NATIONAL ADVISORY 
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Modifications 3 £ <4 
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Resume of Model Test Results 

1 ° 

The fin offset of 2™ , leading edge displaced to the left 

provided effectively more right rudder than if the model had no 
fin offset* The results are presented only for right spins which 
were slightly flatter with slower recoveries than corresponding 
left spins * 


For the clean condition, normal loading, normal control con- 
figuration for spinning, the model spun at a moderately flat angle 
of attack (a = 47°) and recovery by rapid full rudder reversal was 

3 

4 

rudder was completely reversed, or merely neutralizing the rudder, 
gave slower recoveries* 

i 

Extending the landing gear* alone had little effect upon the 
recovery characteristics of the model for aileron -neutral spins* 

For the model in the landing condition (landing gear extended, flaps 
down 4-5°) or take-off condition (landing gear extended, flaps down 
20°) recoveries by rapid full rudder reversal were satisfactory for the 
normal- spinning control configuration * 


turns) * Moving the elevator down before the 



Recoveries from, all inverted 
by rapid full rudder reversal* 


spins obtained were satisfactory 
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jjjnless otherwise indicated, steady-spin data are for rudder-wlth spins of the model in the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spins] 
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X 
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i 

1 
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Landing gear 
extended, 
normal loading 


Landing condition, normal loading 


Against 


Turns 

for 

recovery] 


(e) 


Take-off 
condition, 
nomal loading! 


Inverted spin, normal loading 


Against Neutral 


a Velocity too high to test. 

^Too wandering to test. 

°Recovery attempted by simultaneous reversal of rudder and elevator. 
^Recovery attempted by neutralization of the rudder. 
e Two types of spins. 
f Wandering and oscillatory spin. 
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l/25 -SCALE MODEL OF THE BELL YFM-1 AIRPLANE 


Dimensional Data 


(Full Scale) 
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Resume" of Model Test Results 


For the normal loading^ clean, condition, the model would spin 
only with the elevator full up . f The model would continue to spin 
after recovery was attempted by rapid full rudder reversal, but 
satisfactory recoveries were obtained either by simultaneous rapid 
full reversal of both rudder and elevator or by a rapid full 
reversal of the elevator alone (data not presented). With the 
rudder set against the rotation the model spun in an oscillatory 
manner when the elevator was full up but would not spin when the 
elevator was 15 ° up (data not presented). 


With the mass extended along the wings 



and 



or with the center of gravity moved forward 0 . 05 c or rearward 0.10c 
from its normal position, the spin and recovery characteristics of 
the model were similar to those obtained for the normal loading, 
clean condition. 


With the mass extended along the fuselage (Aly and AEr, 



the model would spin for more control settings and with a more 
oscillatory motion than for the normal loading condition. Recoveries 
by rapid full rudder reversal were in general similar to those far 
the normal leading condition. 


With the mas extended along the fuselage ^ and = 0.30 

and the center of gravity moved rearward 0.10c from its normal 
position, the aileron -against and aileron -neutral spins were similar 
to the corresponding spin for the normal loading, clean condition. 
With the ailerons set full with the spin, the elevator -up spin was 
extremely steep and the elevator neutral or down spins moderately 
steep with marginal recoveries. 

For the landing condition (flaps ^5° down and landing gear 
extended), the spinning characteristics of the model were similar 
to those obtained for the clean condition. 


In order to obtain a no-spin condition when the elevator was 
full up and the rudder was against the spin (normal loading, clean 
condition), areas were added separately to the vertical and hori- 
zontal tail surfaces ( see sketches ) . Adding area F to the vertical 
tail produced "the desired condition, whereas the other areas had no 
appreciable effect (data not presented) . NATIONAL ADVISORY 
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SPIN DATA OBTAINED WITH THE r^-SCAIE SOBEL OF THE BELL YFK-1 AIRPLANE 

[Unless otherwise Indicated, steady-spin data are for rudder-with spins of the model in the clean condition 
and recoveries were attempted by rapid full rudder reversal from right erect spins . 3 
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Resume of Model Test Results 

With the model equipped with the original tail for the normal 
loadingj clean condition and normal control configuration for spinning 
or slight deviations from this control position , the recovery 
characteristics of the model were satisfactory only by simultaneous 
full reversal of rudder and elevator. Setting the ailerons full 
against Hie rotation enabled satisfactory recoveries to be obtained 
by rudder reversal alone for all elevator settings, whereas satis- 
factory recoveries could not be obtained for any elevator setting 
when the ailerons were set full with the rotation* 

In order to improve the recovery characteristics of the model 
obtained by rudder reversal alcne, the original vertical tall surfaces 
were moved forward 10 inches and 20 inches full scale (modifications 1 
and 2) and a ventral fin was added to the fuselage with the tail wheel 
extended (modification 3) « Modifications 1 or 2 had no appreciable 
beneficial effect cn the recovery characteristics of the model, whereas 
with modification 3 the model would not spin when the ailerons were 
neutral and the elevator was either neutral or down (data not presented 
for modification 3)> 

Replacement of the original vertical tail with vertical tail 1 
(see sketch) had a detrimental effect on the recovery characteristics 
of the model by rudder reversal alone. The addition of a ventral fin 
,with the tail wheel extended (modification 3) enabled satisfactory 
recoveries to be obtained by rudder reversal alone. Alternate 
modifications such as raising the horizontal tail 10 inches and 5 
inches, respectively, from its original position (modifications h 
and 5), moving the vertical tail forward 15 inches from its original 
position (modification 6) or a combination of modifications 5 and 6 
were not as effective in producing satisfactory recoveries as modi- 
fication 3® 

The arrangement of tail 2 was a practical full-scale design 
revision based on the results of the precious tests. It consisted of 
moving vertical tail 1 forward 10 inches, full scale, from its original 

1 

location and raising the horizontal tail 7~ inches, full scale, from 

its original location. For the normal loading, clean condition, the 
recoveries of the model equipped with tail 2 were satisfactory by rapid 
full rudder reversal only when the ailerons were set neutral or against 
the spin. The model appeared to be quite critical to changes in loading 
condition. For the production loading, for example, the recovery 
characteristics were unsatisfactory by rudder reversal alone although 
simultaneous reversal of both rudder and elevator gave satisfactory 
recovery characteristics of the model except when the ailerons were 

with the spin. NATIONAL ADVISORY 
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In addition to the conditions covered In this compilation } Hie 
investigation for this model also covered tests of other loadings 
and of many other tail modifications in order to improve the recovery 
characteristics of the model •when the ailerons were full with the 
spin. None of these additional tail modifications had any appreciable 
affect on the aileron -with spins. The date are not presented because 
of inconsistencies In the results probably associated with extensive 
testing of a single model over a period of several years. 
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SFEI DATA OBTAXHKD WISH i-SCALS MODEL OF IKS CEABCR TOSSffif 22?%U-1 AXKPLAKE 

[] 2 hi©B 0 othervlse indicated, steady-spin data are far rudder-with spina of the model in the clean condition and rocoTorias vero attaaspted by 
rapid full- rudder reversal froa right erect spina; equivalent teat altitude: Boras! loading and production loading 8,000 feet, flight 

loading and alternate flight landing 12,000 feetj 
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Tail 1, effect of location of horizontal and vortical 
tail ' surfaces on turns for recovery, normal loading 
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Recovery attempted by simultaneous reversal of rudder and ^©vator. 

^To recovery attempted, rate of descent too high for tests. 

“Recovery attempted by reversing rudder to 30° against the spin. 
"Oscillatory spin. 

^Recovery attempted by rudder reversal and neutralization of the elevator. 
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jg-SCALE MODEL OF THE 


SEVERSKY AIRCRAFT CORP. 


HF-1 AIRPLANE 
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f $ 

Resume of Model Test Results 

In general for all loading conditions and for all control 
settings tested the model spun at flat attitudes and recoveries vere 
generally unsatisfactory. The model spun at its steepest attitude 
and the possibilities of recovery were greatest when the ailerons 
were with the spin. 

In an attempt to improve the spin and recovery characteristics 
of the model, various modifications (l to 29 ) to the tail surfaces 
were investigated. Modification 2k } (raising the horizontal tail 
surfaces and installation of two ventral fins) and modification 27 , 
(raising and moving forward the horizontal tail in addition to 
installing a ventral fin) generally were the most effective modi- 
fications tested. 

Test results made with a corrected normal loading did not 
appreciably differ from the original normal loading condition tested. 
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SPIN DATA OBTAINED T/ITH THE jj-SCALE MODEL OP THE SEVERSKY RF-1 AIRPLANE 

Jllhless otherwise indicated, ateady-apin data are for rudder-wlth spins of the model in the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spins] 



Steep spin of high vertical 
b velocity. 

Recovery attempted by moving the 
ailerons from neutral to full- 
with the spin, and then followed 
by full rudder reversal. 

3 Recovery attempted by simultaneous 
reversal of rudder and elevator. 
^Recovery attempted before final 
steep attitude was attained. 

6 Recovery attempted by moving the 
ailerons from neutral to full- 
with the spin and then followed 
by full rudder reversal and 
elevator reversal. 
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SPIS DATA OBTAINED WITH IBB JL-SCALE MODEL OF THE SEVERSKY NF-1 AIRPLANE - Concluded 
12 

[unless otherwise indicated, ateady-spin data are for rudder-with spins of the model in the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spina] 


Effect of modifications on turns for recovery, revised normal loading 
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c Recovery atfc«ss£it«d before final 
steep astfcltssSe attained. 


Original Tail 



Modifi cati ons I and 2 



Mcdificaticns 3 and Modifications 5 and 6 



Modifications T and S 


Mcdif icaf fens ffarffO 



Mod. 9- fin / and fin 3 /' 

Mod. /O - fins /, 3,and4 / 



Fin 4- 





153 





NACA RM No. L7E15 


154 


-i^SCALE MODEL OF THE CONSOLIDATED PH-2 AMD PB-2A AIRPLANES 
16 


Dimensional Data 
(Full Scale) 
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Resume 7 of Model Test Results 


The HB-2 and PB-2A are dimensionally the same airplane. For 
the normal loaded PB-2, ly and I z were increased 0.15 Iy from 

the stripped loaded HB-2; whereas, for the HB-2A, Iy and 1^ were 
increased 0 ,30 Iy and the center of gravity was moved forward 0.03c 
from the stripped loaded HB-2 . 

For the HB-2 model in the normal loading, clean condition the 
recovery characteristics were generally unsatisfactory . Setting 
the ailerons against the rotation flattened the spin whereas setting 
the ailerons with the rotation produced extremely oscillatory spins. 
For the model in the stripped loading and clean condition the 
recovery characteristics of the model were generally satisfactory; 
recoveries from elevator-up spins, ailerons -against or ailerons -with 
the rotation were rapid "by simultaneous reversal of rudder and 
elevator (data not presented) . 

The extension of mass along the wings (AEy and Al z = 0*3-5 ly 

and 0.30 Iy) from the normal -loading condition had a pronounced 
effect upon the recovery characteristics of the model. Recoveries 
hecame satisfactory when the elevator was 10° up. For the larger 
mass extension, recoveries were satisfactory except when the elevator 
was full down. Moderate movements of the center of gravity from 
its normal position or extending the landing gear had little effect 
upon the recovery characteristics of the model. 

For the normal loading when the model was spun with the tail 
wheel installed, the recovery characteristics were satisfactory 
except for the elevator full-down position. 

Preliminary tests with a small explorer fin located in different 
positions around the vertical tail and fuselage as shown on the 
accompanying sketch indicated that fin area located beneath the 
fuselage was most effective. The addition of a long ventral fin 
located in this region (modification 1) likewise had a favorable 
effect upon the spin and recovery characteristics of the HB-2 model. 

With the horizontal tail surfaces moved forward and up and 
extending the original madder to the bottom of the fuselage (modi- 
fication 2) , the recovery characteristics of the model were improved 
but still were unsatisfactory when the ailerons were neutral or 
when the elevator was full down. 

For the normal loading and the clean condition, the PB-2A model 
would not recover from established spins by either rapid full, rudder 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 



NACA RM No. L7E15 


156 


reversal or simultaneous reversal of the rudder and elevator. When 
the ailerons were set full with the spins, the model was too 
oscillatory to test. 

Modification 1 had little effect on the EB-2A model. 

Modification 2 had a very favorable effect on the recovery 
characteristics of the model, although the recoveries were still 
generally unsatisfactory from the aileron-neutral and ai leron-against 
spins. When the ailerons were set full with the spin, the test 
results indicate that recoveries would probably have been satisfactory. 

Modification 3 was quite effective (data not presented) provided 
a fillet was attached to the outer side of the fuselage only (left 
side of fuselage for a right spin) . With both antispin fillets 
installed there was only a slight beneficial effect of the fillets 
on the recovery characteristics of the model. 
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SPIN DATA OBTAINED WITH THE --SCALE MODEL CF THE CONSOLIDATED PB-2 AND PB-2 A AIRPLANES 
16 

[Unless otherwise indicated, steady-spln data are for rudder-with spins of the model in the -clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spins) 



.Model too oscillatory to test 

D Pecovery attempted by simultaneous reversal of rudder and 
movement of elevator from Initial position to full down. 

°Steep wandering spin. 

“Unsteady. 

^Oscillatory spin. 

Recovery attempted by simultaneous reversal of rudder with 
movement of elevator from neutral to 1'5°D. 

"Recovery attempted after addition of modification 3 . 

“Model descended with great speed as model gradually became steeper. 
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SPIH DATA OBTAINED SITE THE ^--OCALE KODEL OE THE CONSOLIDATED PB-2 AMD PB-2 A AIRPLANES - Concluded 

{Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spins] 
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a ^!odel too oscillatory to test, 

^Recovery attempted by simultaneous reversal of rudder and movement of elevator 
from initial position to full down. 

"Velocity too high to test. 



£ rudder hinge 


Modification 2 




Modification 3 



Relative effectiveness of vertical tail area 
locations determined by explorer fin. 
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Disasnsional Data 
(Pull Scale) 

b| ft ******* » * * * 28*00 
L| fb #®**®»®**®» 23 * 83 
c # In* 72*00 

S, stj ft #*«•*#»# li49*58 

A*® **»*#»*»«»» 5* 23 

L« E# c &f t L« E# e r 3 irt • • * * 0 

Sj^i #«#««*#*# 

S e , sq ft *•••••••* 12* 

ft • •••*•••• 12*58 
S r » sq ft *•••«•••• 6*90 

6 r , deg ******* 30 R, 30 L 

6^9 deg ******* 38 U 9 38 D 

TDPF . 556 x 10“ 6 

Landing gear ******* Fi 
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W , It a®******®*® 3' 

x/ c • « • * « • • • #® i * 0 • 

e/ c ® # ****** • • * * 0 
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A 2 

slug-ft ******* 2 

X 2 ^ slug***f t ******* 2 

Test altitude, ft ***** 6 

ji (at sea lerel) • * . * * 9 

li* (6000 ft) ******* 11 






NACA RM No. L7E15 


160 


Resume’ of Model Test Results 

For the normal loading, clean condition, and. normal control 
configuration for spinning, the model spun in an oscillatory manner 
and recoveries were obtained in 1 turn by simultaneous full reversal 
of rudder and elevator. With the elevator set full down, recovery 

•3 

by rapid full rudder reversal varied from 1 to 2^ turns, depending 

upon the phase of oscillation at which the rudder was reversed. 

With the engine cowling removed, the model would not spin with 
the elevator full up. With the elevator down, the spin was steady 
and recovery by rapid full rudder reversal required h turns. 

Small changes in mass distribution along the wings ^Aly and 

Al z = to .09 IjJ , a moderate increase in mass distribution along the 

fuselage ^Aly and Al^ = 0.18 ly), and moderate movements of the 

center-of -gravity position (tO .03c) indicated little effect on the 
recovery characteristics of the model. 
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SPIN DATA OBTAINED WITH THE ^-SCALE MODEL OF THE BOEING P -26 A AIRPLANE 


[frnless otherwise indicated, steady-spin data are for rudder-with aileron neutral spins of the model in the 
clean condition and recoveries were attempted by rapid full rudder reversal from right erect spins] 
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^Recovery attempted by simultaneous reversal of rudder and elevator* 
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™ ‘-SCALE MOSEL OF THE SEVERSKY P-35 AIRPLANE 


Dimensional Data. 


(Full Scale) 
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X Z ~ X X 
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Resume of Model Test Results 
(Ko test data available for this model) 

For the normal loading, clean condition, and the normal control 
configuration for spinning, the model spun at an angle of attack of 
about 80 ° and had a relatively low rate of descent, approximately 100 
feet per second full-scale* There was very little effect of elevator 
setting and the same flat spins ensued when the rudder was set neutral 
or full against the spin. There was no indication of recovery when 
the rudder was completely reversed for any elevator setting, or when 
"both controls were reversed simultaneously. Although setting the 
ailerons against the spin had practically no effect on the steady spin 
or recovery, setting the ailerons with the spin steepened the spin 
slightly . 

Extending the mass along the fuselage, extending or retracting 
the mass along the wings, moderate movements of the center of gravity 
foreward or aft of its original location, or extending the landing 
gear had no appreciable effect on the steady spin and recovery 
characteristics of the model* 

In order to improve the recovery characteristics of the model the 
horizontal tail surfaces were raised vertically 2 feet - 7r: inches 

full-scale as shown on the accompanying sketch. The steady spin was 
considerably steeper but recoveries although improved were still 

unsatisfactory (3^ turns) « NATIONAL ADVISORY 

4 COMMITTEE FOR AERONAUTICS 


Modification / 
(Dimensions full sca/e) 
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JL_ 

20 


-SCALE MODEL OF THE CURTISS P-36A AIRPLANE 


Dimensional Data 
(Full Scale) 
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Resume of Model Test Results 

Satisfactory recoveries were obtained for the model in the norma] 
loading , clean condition, and normal control configuration for spinnir 
from both spins obtainable. 

Aileron -against settings were generally adverse, whereas aileron* 
with settings were favorable. 

Extending the mass along the wing ^Aly and AI^ - 0 .30 or 

along the fuselage ^AXy and AI Z = 0.30 Iy^ had no appreciable 
effect on the recovery characteristics of the model. 

Deflecting the flaps 45° down or extending the landing gear had « 
detrimental effect on the recovery characteristics of the model. 

NATIONAL ADVISORY 
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SPIN DATA OBTAINED WITH THE A. -SC ALE MODEL OF THE CURTISS P-56A AIRPLANE 

[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spins] 
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pandering and oscillatory spin. 

^Two types of spin. 
c Hlgh rate of descent. 

^High angular velocity. 

e Recovery attempted by simultaneous full reversal 
of rudder and elevator. 
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Recovery attempted by simultaneous rudder reversal and 
movement of the elevator from 10° up to 80 ° down. 

^Recovery attempted by moving the rudder from 57 ° with to 
20° against the spin. 

^Wandering spin. 
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Resume"" of Model Test Results 


In the clean condition, normal loading, normal control 
configuration for spinning, recoveries attempted "by either rapid 
full rudder reversal or by simultaneous reversal of rudder and 
elevator were satisfactory (1/2 turn). Setting the ailerons against 
the spin did not appreciably affect the recovery characteristics 
Of the model j however, setting the ailerons with the spin had a 
beneficial effect in that the model would not spin with the elevator 
either up or neutral. 

Moderate extension of mass along the wings (£Ey and AI Z = 0.30 
or fuselage (Aly and Alg = 0,30 Iy) , or movements of the center 
of gravity forward or back 0,05c from its normal position did not 
appreciably alter the recovery characteristics of the model. 

Deflecting the flaps k5° or extending the landing gear had no 
appreciable effect on the recovery characteristics of the model. 

The addition of a ventral fin (modification l) led to satis- 
factory recoveries hy rapid full rudder reversal for all control 
settings. Increasing the vertical fin area (modification 2) did 
not improve the recovery characteristics of the model. Tests 
conducted with modifications 1 and 2 together also led to satis- 
factory recoveries, although the most satisfactory recoveries were 
obtained with modification 1 alone. 
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COMMITTEE FOR AERONAUTICS 



NACA RM No. L 7 E 15 


169 


SPIN DATA OBTAINED VTITH THE -—-SCALE MODEL 0? THE CURTISS YP-57 AIRPLANE 

[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean 
condition and recoveries were attempted by rapid fall rudder reversal from right erect spins 3 
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a Wandering spin. 

Pandering and oscillatory spin. 
c Wanders too greatly to test. 

^Vertical velocity too great to test. 

e Recovery attempted by simultaneous reversal of rudder and elevator. 

£ 

Recovery attempted by movement of the rudder from neutral to full against the spin. 
^Oscillatory spin. 
h Visual observation. 
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gg— SCALE MODEL OF TEE LOCKHEED XP-38 AIRPLANE 


Dimensional Data 


(Full Scale) 
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W* lb 0 a * • a a # 

» 

. . 11,260 


9 

* 9 9 0 » 23^4* 

Q «<*#«» ® * * 

<9 

. . . 0 • 10 U 

I X# slll^^jPb » • * 

9 

. . 20,155 

Iy» slug- ft 2 . . . 

9 

. . 13,850 

slug— ft ... 

* 

• . 33, 180 

Test altitude, ft . 

* 

. . . 8,000 

(j (at sea level) 

9 

... 8 « 66 

4 i» (8000 ft) ... 

9 

® * • 1 1 . 03 
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• 67 x 10 

x 10“k 

136 x 10“^ 
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Normal Loading 
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Resume” of Model Test Results 


For the normal loading and clean condition (data not presented), 
the model spun with a high rate of descent (>250 feet per second). 

In order to obtain a spin for this control configuration, a pro— spin 
fin was attached to the inner-wing tip (right wing tip in a right 
spin) of the model (see sketch below) which caused the spin to 
become flatter and the rate of rotation to decrease. With the pro— 
Bpin fin in place, recoveries of the model by rapid full reversal 

of rudders from the aileron-neutral spins were marginal (2 to ^ turns) 

which indicated that recoveries from spins without the pro-spin fin 
attached would probably be satisfactory. 


Moderate changes in the distribution of mass along the wings 
for fuselage or moderate movements of the center of gravity from its 
normal position had no appreciable effect upon the satisfactory 
recovery characteristics of the model. 


Fully extending the Fowler flaps had 
recovery characteristics of the model. 


little effect on the 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 


Pro-spin fin installed on winq tip of 
of XP-38 model (Dimensions model scale) 
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SPIN DATA OBTAINED WITH THE -——SC ALE MODEL OP THE LOCKHEED XP-}8 AIRPLANE 


{Unless otherwise Indicated, steady-spin data are for rudder-with spins of the model in the clean 
condition and recoveries were attemoted by rapid full rudder reversal from right erect spins.] 



Normal loading, 
flaps down. 

Normal loading 
pro-spin fin 
attached. 

Effect of mass distribution and 
c.g. movement on turns for 
recovery with pro-spin fin attached, 

Aly and AI 2 s O.JOIy 
AI X and AI Z = ^. 20 l x 

with pro-spin fin 
attached. 

Ailerons 

Neutral 

with 

Neutral 

Ailerons 

Neutral 

Ailerons 

Heufcral 

Elevator 

U 

N 

D 

Elevator 

U 

N 

D 

u 

N 

U 

N 

D 

AI X and AI 2 = 0 . 20 I x 

b 

1 

- 

A 

Elevator 

U 

N 

D 

a, deg 


- 

- 

— 

— 

5k 

ij .6 

50 

AI X and AI Z = - 0 . 20 I X 

4 

- 

2 

a, deg 

58 

57 

53 

0 » deg 

_ 

«. ' 

- 

_ 

— 

ID 

0 

0 

Aly end AI Z - 0 . 151 ^ 


- 

2 

&l deg „ . 

ID 

ID 

0 

fl, rps 

- 

_ 

_ 





1.59 

0.50 

O. 5 C 

Aly and AI Z = O.JOly 


- 

i 

-fl, rps 

O .56 

O-I 4.3 

0.45 

V, fps 


_ 

’ _ 

___ 

_ 

177 

173 

167 

c.g. moved forward 0.055 

b 1 

JS_ 

- 

2 

V, fps 

175 

167 


Turns 

for 

recovery 

- 

- 


i 

bl 

2 

1 

02 l 

b i 

i 

i 

i 

c.g. moved back 0 . 05 c 

H 

! 

- 

2 

Turns 

for 

recovery 

°4 

2 

b 2 

2 — 

2 

i 


8 Vertical velocity too high to test. 

^Recovery attempted by simultaneous reversal of rudders and elevator. 
c Model goes into steep spiral upon recovery. 

^Visual observation. 
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“SCALE MODEL OP THE BELL XP-39 AIRPLANE 


Dimensional Data 
(Pull Scale) 


b , ft * . 

* 

a 

« 


# 

® * 

• • 34*00 

L, ft » « 

# 

• 

© 

* 

« 

0 ® 

» * 30*00 

0 r , in • 

* 

a 

a 


0 

* 0 

9 9 09 * 00 

S, sq ft 

« 

9 

a 

* 

e 

0 0 

* * 213*00 

A ... 

• 

* 

« 

a 

a 

® S 

* * 3*42 

S h , sq ft 

9 

a 


s» 

4 > 

0 ® 

» * 30*48 

S e » sq ft 

• 

* 

a 

# 

9 

9 9 

» * 12 * 04 

Sv» sq ft 

a 

© 

» 

a 

9 

9 9 

* * 14*36 

S r , sq ft 

• 

a 

« 

a 

0 

0 # 

#» 8 *03 

6 r , deg . 

« 

« 

« 

• 

0 

# 

30 R* 30 L 

6 e » d ®g . 

« 

a 


* 

0 

0 

35 U* 15 D 

6a* de S • 

• 

• 

* 

* 

0 

0 

25 U, 10 D 

6a» de S (landing cond.) 

• * * 20 D 


aileron deflections 
measured from drooped 
position 


6f , deg »»»•»•»»*• 45 D 

TDFF • •••*.•• 220 x 10"*^ 

Landing gear ...... Tricycle 



W , lb •••••••• 4 * 5 ,834 

x/c g- *.**»..««. 0*264 

z/c r • ••••••••• 0*100 

I x # slug-feet^ * . . . • 2,074 

Xy» slug-feet^ • • • • • 4,358 

1^, slug-feet^ ..... 6,113 

Test altitude, ft ... » 6,000 

U (at sea level) • » • • 10^6 

u'(6,000 ft) ...... 12.7 
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\ 

* * * » . «*110 x 10 " ^ 

. . . * . **83 x 10 ^ 

Z, . 

mw *..*.*-* 193 x 10 

mb 2 


Mass Data 
Normal Loading 




mb* 5 
mb*' 
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Resume of Model Test Besults 


For the clean condition* normal loading, normal control 
configuration for spinning, the model spun at a moderate angle 
of attack (a = 49°) and recoveries were satisfactory "by rapid 
full i-udder reversal or by simultaneous rapid full reversal 
of both rudder and elevator. With the elevator set full down 
(ailerons neutral), recoveries were unsatisfactory. Ailerons 
deflected with the rotation steepened the spin. 

Extending or retracting the mass along the wings or fuselage 
( AIj and Alg — —0 . 20 Iy , or Aly and AEg = —0 . 20 ly) , or 

moving the center of gravity back 0.07c r from its normal position 
had no appreciable effect upon the recovery characteristics of the 
model, A forward movement of the center of gravity 0.06c r from 
its normal position had a slight detrimental effect upon recoveries 
from the aileron-neutral and aileron-agalnst spins. 

Deflecting the flaps 45° and drooping the ailerons 20° caused 
unsatisfactory recoveries to be obtained from the aileron neutral 
and against spins, whereas for the ailerons set with the rotation, 
no spin conditions were obtained. 

Increasing the wing dihedral from 0° to 3° produced a slight 
beneficial effect on recoveries. 
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SPIS DATA OB TAD? ED WITS THE ^ SCALE MODEL OP THE BKT.L XP-59 AIRPLAYS 

^Jnle33 otherwise Indicated 3teady-3pin data are for rudder-wlth spins of fcha modal in the clean 
condition and recoveries were attempted by rapid full-rudder reversal from right erect spina] 



wandering spin. 
b High vertical velocity. 

c Recovery attempted by simultaneous reversal 
of rudder' and elevator 


Recovery attempted by rudder neutralization. 
®Recovery attempted by movement of rudder from 
neutral to full against the spin. 
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» 

& 


► 


» 

» 


I 


» 


-4t-sc aie model of tee bell P-39D* p-3S® with all-movable 

20 VERTICAL TAIL AID THE P-39D-1 AIKPIAHES 


Dimensional Data 
(Full Scale) 

b f ft ......... . 34.00 

L, ft . . » . 30.13 

j in ••••.«*.«• 8 • 64 

S, sq ft. ....... . 213.22 

A............ 5.43 

L.E. tJ aft L.E. C r , in. . 5.41 

sq ft « ....... 41 . 20 

S e , sq ft (total) .... 17.30 

S v » sq ft . ....... 19.01 

S r , sq ft (total) .... 11.07 

....... 30 Rj 30 L 

& e , deg 35 U, 15 D 

6 a , deg ....... 25 D, 10 D 

Sf> ....... 45 p 

tdpf. ........ 364 x 10“° 

Landing gear. .... Tricycle 



Model as tested. 


NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 




NACA RM No. L7E15 


177 


Mass Data 
Normal Loading 


v_lk • *••••• 

x/c . . 

z/S , 

lx, slug- ft 2 . . . . 
1y> slug- ft 2 , . . . 
Iz, slug- ft 2 . . . . 
Test altitude, ft . 
(at sea level ) . 

£ '(6000 ft). . . . 
lv _ ly 

- ^ x * ® ® » e a 

inbS 


* * * « 




it 


Eg . 


mb 2 
I z - i x 


mb* 



P-39D 

P-39D-1 

* « 

7406 

7734 

* 9 

0.248 

0.313 

a e 

0.100 

0.111 

• * 

5201 

5069 

* • 

6077 

6122 

# 4 

10704 

10655 

« 9 

6000 

6000 

9 * 

13.33 

13.93 

« * 

15.96 

16.66 

-32 x 10“4 

-39 x 10”4 

-173 

x 10"4 

-162 x 10"4 

205 x 10 ~ 4 

201 x 10“4 


, J? 10 J-39D model with an all-movable vertical tail had the same 
vei^it and mass distribution as the P-39© model with the conventional tail. 
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Eesume of Model Test Be suits 


In the clean condition, normal loading, normal control 
configuration for spinning, the P—39-D model spun at a moderate 
angle of attack (a = 4l°) and recoveries by rapid full rudder 
reversal or simultaneous reversal of rudder and elevator were 

satisfactory (l^ turns and li turns, respectively). Satisfactory 
4 2 

recoveries hy rudder reversal could he obtained when the elevator 
was up or when the ailerons were full against the spin. With 
the ailerons either neutral or with the spin and the elevator 
either neutral or down unsatisfactory recoveries were obtained. 

Extending or retracting the mass along the wings (AT^. and 

Al2=±0,25 %) had a detrimental effect upon the recovery charac- 
teristics of the model and recoveries from all elevator neutral 
or down spins were unsatisfactory. Moderate decreases in the 
mass distribution along the fuselage or moderate changes in the 
center- of- gravity location had little effect upon the recovery 
characteristics of the model (data not presented). 

Extending the landing gear alone had little effect on the 
recovery characteristics of the model; however, extending the 
landing gear in conjunction with deflecting the landing flaps 
and drooping the ailerons (landing condition) led to spins from 
which recoveries by rapid full rudder reversal were very slow or 
impossible . 

Eecoveries from all inverted spins were satisfactory by 
rapid full rudder reversal. 

The addition of area to the bottom of the fuselage and rear 
lower portion of the rudder (modifications 1 and 2) improved the 
recovery characteristics of the model, particularly for the 
landing condition. Modification 1 generally proved to be the 
more effective of the two modifications tested; however, recoveries 
were still generally unsatisfactory for the landing condition. 

The substitution of an all movable vertical tail (see sketch) 
for the conventional tail on the P— 3$D model generally improved 
recoveries for elevator up settings. Quite often two types of 
spin were obtainable for elevator neutral or down spins from 
which recoveries by rapid full rudder reversal were satisfactory 
only from the steeper of the two types of spin. 

The recovery characteristics of the model when loaded to 
simulate the P-.39D— 1 airplane were in general, similar to the 
recovery characteristics obtained with the P— 39® model. 
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SP32J BA2& <fS3cATSSD fe T X2E SEK --SCALE S20DEL OP SS Rgr.T. P-39D A TRPTj.g^ 

20 

pilesa otherwise indicated, steady-spin data are for rudder-with spina of the P-59D model in the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spina^J 



a Steep spin. ^ , 

b Wandering and oscillatory spin. 

c Recovery attempted before final high velocity was reached. 

^Recovery attempted by rudder neutralization. 

e Recovery attempted by simultaneous reversal of rudder and elevator. 
^Wandering spin. 

^Oscillatory spin. 

^Two types of spin. The other is steeper; recovery effected in i turn. 
1 & 

Vi sual observation. 

^Model goes into left spin after recovering from right spin. 
k Model goes into inverted spin after recovering from erect spin. 
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SPIT? DATA OBTATKED WITH THE JL-SCAIE MODEL OF THE BELL P-39D AIRPLANE WITH ALL MOVABLE VERTICAL TAIL INSTALLATION 

[unless otherwise Indicated, steady-spln data are for rudder-wlth spins of the model In the clean 
condition, and recoveries were attempted by rapid full rudder reversal from right erect spins] 



Normal loading 

Ai x and AI z » -O .25 I x 


Against 

Neutral 


with 

“Against 


Mi 

Ai lerons 

Full 

n-°u, 5 °d 


U°U, 5°D 

Full 




Z 

Elevator 

U 

(a) 

Z 

Z| 

3 

D 

U 

fab) 

zn 

D 

vs 

fab) 

N 

--(Cl- 

N 

ML 

3 

TJ 

ML 

Z 

Z 

U 

ML 

D 

U 

ML 

D 

fHl 

m 

IT 

ML 

B 

a, deg 

WM 

I 

| 
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Hi' 

EM 

■ai 

n 

111 

m 

IQ* 

Hi 

EM 

m 



Hi 

d 

El 

El 

- 

■a 

2 f, deg 

Hi 

H 

m 

n 


EB 

W2J 

E3 

Hi 


m 

- 

R 

0 

Hi 1 

m 

■ 


- 

d 

rps 



El 

n 

Hi' 

ei 

- 

0*541 

- 

0.51 

0.54 

- 

mm 

m 

39 

Ml 

- 


V, fps 

— 

Hi 


E3 

Hi 

EB 

ESI 

IQ 

- 

187 

193 

- 


Hi 

m 

E3 

d 

- 

B3 

Turns 

for 

recovery 

i 

n 

1 

1 

5 

9 

1 

<4 

4 

1 

4 

>5 

d 4 

CD 

03 

1 

2 


1 

l 

4 

1 

1 

1 

>2 i 

1 


AI y and AI Z = 0.20 I y 

Left spin, normal loading 

Ai lerons 

Against 

Neutral 

m th 

Agains t 

Neutral 

With ] 

Pull 

11 °u, 5°D 

11°U, 5°D 


Pull 

Elevator 

U 

fa) 

N 

D 

U 

(ab) 

N 

fa) 

D 

(e) 

u ' 
( f ) 

D 

(a) 

U 

(a) 

N 

D 

u 

N 

Z 


N 

D 

u 

f ab) 

N 

D 

IT 

(b) 

N 

(b) 

BB 

a, deg 


- 


Bi 

- 

- 

- 

- 

- 
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| 

- 

fl 

I 

n 

El 

El 

- 

m 

E 

- 

- 

El 
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_ 

_ 

fl 

— f 

- 

- 

_ 

_ 

- 

- 

■ 

m 

Ea 

- 

BS1 

El 

- 
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In, rps 

- 

- 

! KH 

- 

- 

- 

- 

- 

- 



El 

HI 


QQ 


“ 



- 

- 


- 

rm 

- 

- 

* 

- 

- 

B9 

C31 

Hi 



■ 

- 

EH 


- 

- 

n 

■ 

■ 

■ 

B 

B 

l 

fl 

1 

4 

i 

i 


fl 

i 

>2 

B 

4 


Left spin, Al x and A I 2 = -0.251^ 

Left spin, AI. Y and AI Z = 0.201^ 

a 

.Steep spin. 

D Wandering and oscilla- 
tory spin. 

*TTwo types of spin. 
^Recovery attempted by 
simultaneously re vers 
the rudder and neutra 
Izlng the elevator, 
®Steeper spin also 
f obtainable. 

1 Wandering spin. 
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(a) 

D 

(c) 

D 

(c) 

U 

(ab) 

N 

D 
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D 

(c) 

U 

(b) 

D 
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D 

(c) 

D 

(c) 

U 
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N 

D 

(c) 

D 
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TJ 
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D 

faf) 
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- 

k6 
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- 
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- 
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- 
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22 


22 

50 

24 

- 

- 
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- 

3U 

2U 
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- 

1U 

0 

- 
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- 
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2U 

- 

Ml 

0 
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- 
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- 
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- 

- 

0.53 
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- 

0.86 

- 
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0.75 

- 
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0.47 
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- 

- 
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_ 
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271 



- 

ML 
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ML 
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3PIH BATA OBTAINED WIE3 THE —-SCALE 1SOE02L OF THE HELL P“3gD~l AIRPLAYS 
20 

fcjnless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean 
condition, and recoveries were attempted by rapid full rudder reversal from right erect spins} 


Normal loading 


Ailerons 

? 

Elevator 

a 

a, deg 

n 

0* deg 

B 

A, rpa 

SI 

V, fps 

- 

Turns 

for 

recovery 

i 

i 



AI y and Al 2 = 0.20 I y 


Left spin, normal loading 


Against j Neutral I With 


Against 

Neutral 

With 

Full 

11 °u, 5°o 

ll°u, 5°D 

Full 


Elevator 
a, deg 


Turns 

for 

recovery 



Ailerons 

Elevator 


Left spin, AI X and AI Z = -0.25 I x 


Left spin, Aly and AI Z ; 


D D U 
(c) I (c) l(ab) 


50 2U 

0.55 O' 92 
188 26 k 


Neutral 

FT rT 


(c) ( c ) 

k? 25 

1U 0_ 

0.55 0.69 
19k 27l_ 


(a) (c) (c) (ab) 

- k9 22 


( 0 ) (c) (f) f af ) 

50 ^k - 


176 298 

4 I 

I nr, 1 


0.58 0.k7 o»75 
k 1 


.Steep spin. 

'Vandering and oscilla- 
tory spin. 

°Two types of spin* 
^Recovery attempted by 
simultaneously re vers I j 
the rudder and neutral 
izing the elevator. 
®Steeper spin also 
_ obtainable. 

1 Pandering spin. 


Modification f 


Modification 2 



\ /-Added area 
Y approx. 4.8 sq. ft. 
\ (Full scale) 



f Lr-Added area 
f approx . 3.5 sq . ft 
(Full scale) 
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^“SCALE MODEL 


OP THE BELL XP-39E AIRPLANE 


b, ft .... , 

b, ft • e . . « 

c, in 

S, sq ft . . , 

A 

Ij»E® c aft L 
Sh, sq ft . . . 
s e> sq ft ( incl . 

sq ft ... 
S r , sq ft (incl. 

Sj»j «... 

deg * • * ® 

0 .... 

6f, deg .... 
TDPF. ..... 
Landing gear. » 


Cj»j in. 
* » * # 

bal.). 
* » • « 

bal . ) . 


W, lb ...... 

2 /C »••««,« 
I x , slug-ft2. . . 
I Y » slug-ft2. . . 
Iz, slug-ft2. . . 
Test altitude, ft 
P Cat sea level). 
H‘(6,000 ft). . . 


35.83 
31.95 
82.43 

235.60 
5.46 
6.15 
47.56 
16.16 
19.10 
11.07 
25 L 
25 U, 15 D 
25 U, 10 D 
45 

361 x 10' 
Tricycle 


25 R, 


Mass Data 


Normal 

. 8984 
. 0.254 
. O .138 
. 6361 
. 7357 

12,901 
. 6000 
. 13.90 
. 16.63 



*Z“ X X 
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• ® © « 9 


® • a <> « 9 


* a * « a g, 


-28 x 10“4 
155 x 10”4 
. . . 183 x 10"4 


® 9 0 


W, lb 
x/c . 

®/c . . . . 0 

I x> slug” ft 2 . . 

IY, slug- ft 2 e 4 
X Z» slug-ft 2 # e 
Test altitude, ft 
U (at sea level) 

U *( 6,000 ft). . * 


Flight Loading 

. S053 I Y - i r 

. 0.248 
. O.I 38 
. 4289 
. 7.446 

10,534 

. 6000 i 7 - 

. 12*46 ”~ 

, 14*90 mb’* 





• * s 


~98 x 10-4 
-96 x 10“4 
194 x 10“4 
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Resume of Model Test Results 


For the clean condition, normal loading , normal control configura- 
tion for spinning, two types of spin were possible } one spin was steep 
(a = 22°) and recovery by rapid full rudder reversal was satisfactory 
(3/^ turn), the other spin was flat (a = 56 °) and recovery was unsatis- 


factory ^3j~ 


turns) 


For all control settings in the normal loading. 


two types of spins were obtainable similar in nature to the spins 
obtained for the normal control configuration. Ailerons set with the 
spin had an adverse effect upon the recovery characteristics of the 
model, whereas the ailerons set against the spin improved the recovery 
characteristics of the model . Recoveries from spins obtained with the 
model in the landing condition were generally unsatisfactory. 


The addition of vertical area to the fuselage below the horizontal 
surfaces and to the rudder (modification l) led to an improvement in the 
recovery characteristics of the model and recoveries were generally 
sa ti sf ac tory . 


A number of supplementary tests were conducted with the model 
equipped with a modified tail (see sketch) and recoveries from spins 
obtained were generally unsatisfactory, 

numerous dimensional modifications (modifications 2 through 32 ) 
were tested in an attempt to improve the recovery characteristics of the 
model equipped with the modified tail. The basic tail modifications whi 
produced satisfactory recoveries were 

(1) Additional fin and rudder area below rear portion of fuselage 

and lower portion of rudder (modification 3 ) 

(2) Additional vertical fin area below fuselage (modification 28 ) 

( 3 ) Anti spin fillets (modification 29) 


In general, for the model equipped with the modified tail, 
recoveries from spins for the landing condition (flaps deflected 45°, 
landing gear extended) were slower than recoveries from the correspond!!} 
spins of the model in the clean condition, 

N NATIONAL ADVISORY 
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SPIE DATS. OBTATKSD 5STZH THE -SCALE SODSL OF THE BELL JP-39S AIRPLANE 

Ipniosa otherwls® Indicated, steady-spin data are for rudder-with spins of the model in the clean 
condition and recoveries were attempted by raj>id full rudder reversal from right ersct spins] 



Normal loading 

Al lerons 
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Elevator 

0 
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(a)- 

N 

(4) 

N 

JJlL 

D 

(b) 

D 

fhl 

U 

fa) 

0 

fa) 

N 

fa) 

N 

(a) 

D 

(a) 

D 

(a) 

D 

( ad 

U 

(a’o) 
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2D 
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— 

0 

— 
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V, fps 
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s 
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304 
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288 
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294 
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4 

1 

2 

5 
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i 
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5 

4 

4 

3 
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4 
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Landing condition, normal-loading 

Modification 1, 
normal loading 

Ailerons 
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Neutral 
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0 
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D 

u 

N 
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D 
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N 
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D 

0 

N 
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— 
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__ 
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0.49 

0.50 

0.42 

0.48 
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0.42 
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- 

V, fps 
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179 
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Supplementary tests with model, normal loading 


Re- 

marks 

Ailerons 

Eleva- 

tor 

(deg) 

Rudder 

(deg) 

V 

(fps) 

Turns 

for 

recovery 

Re- 

marks 

Ailerons 

Ele va ■ 
tor 
(deg) 

Rudder 

(deg) 

V 

(fps) 

Turns 

for 

recovery 


Against 

30U 

25 

176 

7 


Neutral 

55U 

25 

182 

03 


Against 

250 

25 

176 

00 


Neutral 

30U 

35 

160 

e 9 

(f) 
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30U 

3° 

176 

03 


Right 5°D 
Left 500 
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25 

176 

03 

(f) 
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300 

30 
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4 


Right 3°D 
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25U 

25 
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CO 

(f) 
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30 

232 
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00 
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*5 
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Modifications tested on model after crack-up, normal loading unless otherwise indicated 


Modifi- 

cation 

Re- 
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Ailerons 

Eleva- 
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(deg) 

Rudder 

(deg) 

V 
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Turns 
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recovery 
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(deg) 

Rudder 

(deg) 

V 
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recovery 
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25U 

25 

176 

*4 

7 
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. 

25 

176 

10 

1 


With 

15D 

25 

176 

8 , 00 

8 


Neutral 

250 

25 

197 

3- 4 

2 


Neutral 

300 
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188 

4 

9 


Neutral 

25 u 

25 

182 

6 

2 
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15D 

30 

188 

4 

10 

(hi) 

Against 

250 

25 
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4 

3 


Neutral 

300 

30 

207 

1 

10 


Neutral 

250 

25 

170 
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3 


Neutral 

30U 

25 

191 

4 

10 


With 

15D 

25 

166 

03 

3 


Neutral 

250 

25 

191 

2 

10 + 13 


With 

15D 

25 

166 

00 

3 


With 

15D 

30 

138 

4 

10 + 12 

U> 

With 

15D 

25 

504 


4 


Neutral 

300 

30 

194 

4 

10 + 13 


Neutral 

25U 

25 

179 

00 

4 


Neutral 

25D 

25 

176 

4 

10 + 13 


With 

15D 

25 

194 

CD 

4 


with 

15D 

30 

182 

4 

10 + 14 

(a) 

Neutral 

250 

25 

197 

4 

5 


Neutral 

30U 

25 

182 

5 

10 + 14 

(a) 

Neutral 

25 U 

25 

304 

1 

5 


Neutral 

25 0 

25 

132 

5 - 

6 


Neutral 

25U 

25 

176 

4 

10 + 15 

(jk) 

Against 

300 

30 

374 



*Two type a of spin. 

"Two conditions possible. 
c Wandering and oscilla- 
tory spin* 

“Model goes into an 
Inverted spin upon 
recovery* 

e Recovery attempted by 
rudder reversal from 
35° *ith to 25 s 
against the spin. 
r Three types of spin. 
SRsoovery attempted by 
rudder reversal from 
25° with to 35° 
against the spin. 
^Landing condition. 
^Flight loading. 

^Steep spin. 

^Wandering spin. 
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SPIN DATA OBTAINED WITH THE ^-SCALE VOXEL OF THE BELL XP-p^E AIRPLANE - Continued 

[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model In the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spins"] 


Modifications tested on xnodel after crack-up, normal loading unless otherwise indicated 
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V, 

(fps; 
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91 
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fB 
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■ 
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91 
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9 

9 

■ 
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21 
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Si 
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wm 
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30 
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1 SUSHI 

■ 
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25 
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19 
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M 
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25 D 
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1^9 


nu 
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30 D 

9 

- 
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mm 
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25 
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30 D 

m 

B 

|| 


25 

H 



30 
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■ 
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25 

2PI* 
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B 
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B 

s 



1 

an 

9 
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B§ 
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■ 

-do- 

m 

23 
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9 
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CD 

IB 
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®Two types of spin. 

c pandering srtd oaellla- 
tory spin. 

“Landing condition. 

* Plight loading. 

JSteep spin. 

“Wandering spin. 

•Flight loading, land- 
lng condition. 

“Landing condition, 
noae-nrhesl doors in 
place. 

“Elevator cutouts in- 
creased. 
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SPIN DATA OBTAINED WITH THE SCALE MODEL OP' THE BELL XP-39E AIRPLANE - Concluded 

[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spins} 


Modifications tested on model after crack-up, normal loading 
unless otherwise indicated 


Modifi- 

cation 

Re- 

marks 

Ailerons 

Ele- 

vator 

(deg) 

Rudder 
( deg) 

V 

<£ps) 

Turns 
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recovery 

Modifi- 
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Re- 

marks 

Ailerons 

Ele- 
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(deg) 

Rudder 

(deg) 

V 
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recovery 

25 
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50 
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32 
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30 
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-do- 
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176 
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50 
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30 

182 
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(h) 

With 

30 TJ 

50 

185 
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( J) 

Rt. 20°D 
Lt. 20°U 

30 u 

30 

>339 

— 

22+24+25 

( m) 

-do- 

30 TJ 

50 

188 

3 

25+28+29 
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30 c 

30 
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1 

22 + 25 

( J> 

Against 

30 U 

50 

559 

— 

25+28+29 

(m) 

— do-- 

30 u 

30 
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50 
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30 

239 
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30 
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30 
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4 
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-do-- 

0 

30 

182 

5 

22 + 25 

(0) 

With 
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30 
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(p) 
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Lt. 20°D 

30 u 

30 

>304 



25 + 26 
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35 u 

30 

559 


25+28+29 
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30 

245 

4 . 

25 + 26 

U ) 

—do— 

30 u 

30 
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--- 

25+28+29 

(m) 

-do- 

30 u 

50 
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5 

25 + 26 
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30 

539 

1 

25+28+29 
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-do- 
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30 

>301+ 

— - 
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—do— 

50 u 

50 

304 

1 

25+28+29 

( pq) 
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30 
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— 
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50 
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4 
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30 u 

30 
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— 
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—do— 

0 

30 
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00 
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(r) 
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0 

30 
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i 
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55 u 

50 

504 

1 

25+28+29 

( r) 
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30 

... 

i 
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-do- 

30 tj 

30 
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2 

25+28+^ 

(3) 
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0 

30 

176 

4 

25 + 26 

(a) 

-do- 

30 u 

50 

176 

9 

25+28+29 

( S ) ; 

With 
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30 

— 

2 

22+25+26 

( J) 
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50 

504 

— 

25 + 30 
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30 

304 

1 
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30 
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1 

25 + 50 
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0 1 

30 
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7. s| 
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—do— 
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30 

207 
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30 tj 
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31 
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30 

176 
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50 
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30 
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31 
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30 
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(ap) 
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50 TJ 

30 
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— 
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U) 
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30 U 

50 
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— 

32 
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0 

50 

163 

6 

25 + 29 

{ m) 

— do-- 

30 u 

50 

204 


32 


With 

50 

3° 

176 

1 * 

25 + 29 


Neutral 

30 U 

50 

252 

i 


®Two types of spin. 
“Landing condition. 
^Flight loading. 

JStcep spin. 
m Landing condition, 
nose-wheal doors 
In place. 

“Elevator cutouts 
increased. 
°Oscillatory spin. 
p Steep and oscillatory 
spin. 

^Flight loading, land- 
ing condition, nose- 
wheel doors in place. 
r Leading edge of anti- 
spin fillets lowered 
5 inches full scale. 

8 Leading edge of snti- 
s pin fillets raised 
5 Inches full scale. 
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-i— 'SCALE MODEL OF THE 
20 


Dimensional Data 
(Full Scale) 
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CURTISS P-UO AIRPLANE 



Data 


Mode! as tested. 

Loading 
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Re'sumd' of Model Test Results 

For the aoml loading? clean condition the recovery characteristics 
of the model were satisfactory provided the aileron-with setting was 
less than one*- third of full deflection* Setting the ailerons with the 
spin greater than one -third full deflection produced unsatisfactory 
recoveries fro® spins for all elevator settings* 

Extending the mss along the wings and Al^ = 0*30 Ij) , 

extending the mss along the fuselage ^Aly and AI^ 35 0.30 3^, or a 

forward {0*3hc) or rearward (0.08c) movement of the center of gravity 
from its noxml position had little effect on the spin and recovery 
characteristics of the model (data not presented) » 

Extending the landing gear had an adverse effect on the recovery 

1 ° 

characteristics of the model* Lowering the flaps only 22— had little 

effect upon the recovery characteristics of the model* With the landing 
gear extended and the flaps deflected 45° down (landing condition), the 
recoveries were unsatisfactory when the ailerons were neutral or against 
the spin* 

Results indicate that recovery by rapid full rudder reversal would 
he satisfactory from all inverted spins. 

The addition of modification 1 to the bottom of the fuselage and 
rudder was necessary in order to obtain a 1-tum recovery by rapid full 
rudder reversal for the ailerons set against the spin, elevator full 
down, and the landing gear extended* With the addition of modification 2 
to the bottom of fuselage and rudder for the same condition, the model 
required 5 turns for recovery (data not presented) . 
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SPIN DATA OBTAINED WITH THE SC ALE SSODEL OP THE CURTISS P-lj.0 AIRPLANE 

[Unless otherwise Indicated, steady-spin data are for rudde'r-sith spins of the model In the clean 
condition and recoveries were attempted by rapid full-rudder reversal from right erect spins] 
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Normal loading, rudder against spins 
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1°U, 3°D 


U 

jabl 


(abl 


D 

tab)} 


<* 1 deg 


51 


19 


52 


11 


18 


19 


li 


12 


15 


38 


lo 


0, deg 


2 U 


2U 


1U 


1U 




0.I8] 


0.I9 


O.lO 


0.19 


0.19] 


o.l3 


0.50 


0.I7 


0.53 0.51 


189 


181 


173 


206 


181 


181 


218 


Turns 

for 

recovery 


195 

7? 


185 


218 


193 


normal loading 


Landing condition, normal loading 


Inverted spins, normal loading 


Against 


Neutral 


Against 


Against 


U I N | D 
(a) 


U j N I D 
(a)| (a} 


U | N D 
(a)j (a) (a)j 


a, deg 


lo 


H 


13 


19 


32 


51 


15 


11 


15 


0 , deg 


■H 3D 


ID 


la, rps 


0*38 


0.19 


10.51 


Mo 


0.I8 


0.I9 


0.38 


0.17 


0.I8 


V, fps 


210 


185 


135 


179 


165 


163 


187 


177 


177 


Turns 

for 

recovery- 


vertical velocity too high to te3t. 

^Oscillatory spin. 

Recovery attempted by simultaneous reversal of rudder and elevator* 
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-SCALE MODEL OF THE CURTISS F-ijOB AIRPLANE 


fb ® # * * © ® * 

• © 9 

37.29 

L| ft #*«**»■* 

* # * 

31.71 

Oj XU# «*#*** 

« # e* 

81. 60 

S$ sq fb 

• • e 

236.00 

A 

* 0 # 

5.89 

L*B* © aft L#B# © r * 

in# # 

2.20 

Sjjf ft # * » # • 

• # # 

1+8.30 

S e , sq ft (total) . 

© a 9 

I 7 .I 4 U 

S ^9 SQ ft * * • # « 

# • $ 

20*74 

Sp, sq ft ( total) . 

« e • 

13.7U 

6 r , deg (from plane 



of fin) , . . . . 

. 30 R 

, 30 L 

6 g ft d© ^ t # » # 9 

. 30 U 

, 20 D 

$ cl© ^ » * 

18~> TJ, 

4 

lOr- D 

4 

6 a , deg ( 1/2 stick) 

9*2 U, 

7.0 D 

6 a» de E ( 1 A stick) 

4.0 u. 

3.0 D 

deg >»•••* 

« ® <* « 

45 § 

TDPF 

* 388 

x 10“ 6 

Landing gear . . ® 

Conventional 



Mass Data 


w, It 

# * 

Normal 

. 7327 

Loading 
I X “ !y 


x/c . 

9 % 

. 0.288 


-139 X 

Z/o 

# * 

. 0 . 06 I 

mb 2 


T^, slug-ft^ .... 

« % 

. 2532 

X T “ T Z 

-68 x 

I Y ® sin g— ft . » « « 

© <9 

. 6913 


Ig» slug- ft 2 .... 

• # 

. 9086 

mb 2 


Test altitude, ft . . 

• e 

12,000 

x z ” ix 

207 x 

(i (at sea level) . . 

» « 

10.87 

O 

p* ( 12,000 ft) , . . 

• ® 

15.70 




x 10"*+ 
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Resume of Model Test Results 

For the normal loading, clean condition, ailerons neutral or with th 
spin, the model spun at a steep attitude with a rate of descent in excess 
of the top speed of the tunnel (275 feet per second, full scale) . 
Recoveries if attempted probably would have been satisfactory by rapid 
full rudder reversal. Setting the ailerons slightly against the spin 
(lA stick) definitely flattened the spin and recoveries became pro- 
gressively slower as the aileron -against deflections were increased. 

With the rudder neutral the model spun for all control settings 
except for the aileron- with, elevator-down condition. With the rudder 
initially full against the spin, the model would spin only when the 
ailerons were full against the spin and the elevator was either neutral 
or down. 


Tests made with varied rudder settings (data not presented) indicate 
that rudder-with settings greater than 30° would flatten the steady spin, 
and reversing the rudder to less than 30° against the spin would retard 
recoveries. With the rudder set 35° with the spin (data not presented) 
flatter spins with rates of descent >275 feet per second, full scale 
were obtained for all aileron -neutral control configurations and reversal 
of the rudder to 30° against the spin gave satisfactory recoveries. 

The results of brief tests (data not presented) made with variations 
in mass distribution and Alg * to. 37 I x ; Aly and Alg 53 t0.20 lj 

and center of gravity locations (tO .055) indicated no effect on the 
recovery characteristics of the model. 

For the landing condition (landing gear extended, flaps down h5°) 
the recoveries of the model were generally somewhat slower than in the 
clean condition. For aileron -with settings, however, no spin conditions 
were obtained for all elevator settings. 


Extending the landing gear alone or opening the cockpit (data not 
presented) had very little effect upon the recovery characteristics of 

the model. _ _ 
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SPIN DATA OBTAINED WITH THE -—“SCAIS MODEL OF THE CURTISS P-l*OB AIRPLANE 
2U 

^Unless otherwise Indicated, ateady-spin data are for rudder-with spins of the model in the clean 
condition and recoveries were attempted by repid full rudder reversal from right erect spins .J 



Normal loading 


Rudder neutral spins, 
normal loading 

Against 

Neutral 

Slfch 


HflEaBBBBllflBBBBBBBHiBBBBBI 


Rudder against spin, 
normal loading 


Landing condition, 
normal loading 


Ailerons I Against Neutral With I Against 



a SlIghtly wandering and oscillatory spin. 
^Steep spin. 

c Recovery attempted by rudder neutralization. 
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_1_ 

20 


-SCALE MODEL OF THE CURTISS 


P-l+OE AND P-I4.OF AIRPLANES 


Dimensional Data 


(Full Scale) 

(Values are the same for both the 
P-i+OE and P-1+0F airplanes) 


b; ft • « * 9 

9 

• $ 

L, ft) ® © « e 

* 

« © 

c $ in « a * * 

* 

* * 

S, sq ft * * 

* 

« ® 

A ..... . 


<* * 

L.E. c aft L» 

E. 

C r s 

sq ft © # 

• 

# * 

S e * sq ft * * 


* * 

sq ft <* » 

• 

© 8 

S r * sq ft • • 

« 

• # 

deg . . . 

« 

• # 

5 p ^ deg * » e 

e 

e » 

8^5 deg • * » 

* 

© 9 

5 ^ deg » « ® 

« 

» * 

TDPF . . . . 

© 

9 * 

Landing gear 

* 

* » 


• » . • J7 »29 
. . . . 31.60 
« • . . 81 . 60 
. . . 236.OO 

.... 5 • 89 

in. . . 2.20 

...» 1+8 .30 
.... 13 • 65 

. . . . 20.7U 

. . . • 11. 76 

. 30 R, 30 L 

. 30 U, 20 D 

18£ U, lO^- D 
» « • « I4I? ^ 
. 388 X 10“ 6 

Conventional 



Mode/ as tested. 
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lb ....... 

3t/c ........ 

2/ e ....... . 

I x » slug-ft^ . . . 

Iy, slug-ft| . . . 

Ig, slug-ft . . . 

Test altitude, ft . 
p (at sea level) . 
p* (12,000 ft) . . 

i x - iy 


mb 2 

I Y - h 



P-l+OE 

P-i+OE 

P-i+OE 

P-1+0 F 

( Norma 1 
loading) 

( Est. Army 
flight) 

( Curtiss 
flight) 

( Normal) 

8011 

8500 

77 69 

81+88 

0.286 

0.286 

0,290 

0.255 

0.110 

0,110 

0.110 

0.093 

14-903 

5760 

I+230 

5029 

7237 

7827 

7827 

7899 

11,14+1 

12,835 

11,305 

12, ll+6 

12,000 

12,000 

12,000 

12,000 

11.89 

12.61 

11.53 

12.59 

17.16 

18.20 

16.6b 

18.18 

-67 x 10 ^ 

-56 x 10~k 

-107 x 10"^ 

-78 x 10“^ 

121 x 10*^ 

-137 x 10“^ 

-10l+ x 10^ 

“116 x 10 

188 x 10"^ 

193 x 10“^ 

211 x 10 

19i+ x 10“^ 


* « 


9 # * 


* ^ 
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Resume 1 of Model Test Results 

The P-taE and P-40F airplanes differed in mss characteristics "but 
not in external dimensions. One model with provisions for changing its 
mss characteristics ms used to represent both airplanes. The model 
had no fin offset. 

Although the model appeared symmetrical, a difference in the spin 
and recovery characteristics between right and left spins was obtained. 
Results are presented either for spins in both directions or for the 
direction of spin from which the more conservative test results were 
obtained. 


P-ltOE 


With the model ballasted to represent the P-40E airplane in the 
normal loading and clean condition, satisfactory spin and recovery 
characteristics were obtained for right spins. From left spins, how- 
ever, slower recoveries to ^ turns^ were obtained by rapid rudder 

reversal than from right spins when th® elevator was neutral or down 
and the ailerons were neutral or against the spin* 

Paw. **,.*$*$ <8 J3 JH ^ A ^ _ JB .6 _ 


c] 
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Recoveries of the model from all inverted spins ■were satisfactory. 

For the left erect spins for the normal loading, clean condition, 
the addition of a fin to the bottom of the rudder (modification 1 or 2) 
or to the bottom of the fuselage and rudder (modification 3) had a 
beneficial effect on the recovery characteristics of the model. 

A new wing was installed on the model, and check spins were made 
with the model in the normal loading and clean condition. The results 
show that the left and right spins were somewhat less asymmetrical than 
those with the original wing but recoveries from left spins were still 
unsatisfactory . 


Supplementary Tests P-40E 


For a series of supplementary tests, the model was changed to 
simulate the P-40E airplane in the Curtiss flight loading condition. 


The changes included a fin offset of 1~ 

2 


to the left, open cockpit. 


camera, exhaust stacks, blast tubes, ventilating tubes, cowling flaps, 
and a dorsal fin. (See sketch of dorsal fin.) In general, there was 
little effect of incorporating the various details into the model or 
of altering the loading to simulate the Curtiss flight loading. The 
addition of a large dorsal fin (modification 4) had no effect on 
recoveries for erect spins, although a favorable effect on recoveries 
from inverted spins was obtained . 


Installing a new fin and rudder (modification 5) had a beneficial 
effect on both the erect and inverted spin characteristics of the model 
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SPIN DATA OBTAINED KITH THE ^-SCALE MODEL OF THE CURTISS P-ii-OE-ASD P-I4OF AIRPLANES 

[unless otherwise indicated, steady-spin data are for ruddar-wlth spins of the model in the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spins] 


P-.I4.QE Normal loading, left spin 


Ailerons j Against 


With 

521 Pull 


Against 

Pull 1 3° V 3 ° D 


P-I4OE Normal loading, right spin 
t 

~7r— — ~r— Neutral 


I Elevator | U | N | D | N | D ( bc) (be) (bd) <b) — ' N ' D * U I N • D I u 



Turns 

for 

recovery ^ 

f >7 


P-J|.OE Inverted left spina 
normal loading 


Ailerons I Against I Neutral 


Elevator 


P-I4.0E Inverted right spins, 
normal loading 


Against I Neutral 





HHHHHflflaaHHMMHHHNHHil 

gSaaagBEEnQHBBCg3HBggnElHBHCE]BgLgjaaiLJdH^aB— 

■■■■■■I 



P-I4.OF, normal loading, 
left spins 


P-.J4.OF, normal loading, 
right spins 


^gggattgnigffia ffaroigtg sa Ea^iBg BBgnBEaBgaa regniiiimgKBgiBaailiBrim 

bdhhbhbbIh 


P-J4.0F, Aly and AI Z 
O.25 I Y , left spins 


P-J4.OF, Aly and AI Z = 
-0.20 Iy, left spins 



% i 


iBiiai 


03 co 


a Steeper spin occasionally obtained: wandering and oscillatory spin, 

^Steep spin, high rate of descent, 
c Wandering and oscillatory spin, 

^Wandering spin, 

e Recovery attempted by simultaneous reversal of rudder and elevator, 
^Recovery attempted by neutralizing the rudder, 

^oscillatory spin, 

“Two t^nes of spin. 

^Steeper spin also occasionally obtained; oscillatory, 

^Steeper spin also obtained occasionally* recovery probably raoid. 
k Model goes into an inverted spin uoon recovery from an erect spin, 

1 Visual observation. 
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SPItf DATA OBTAINED WITH THH SCALE MODEL OP THE CURTISS P-I4.OE AHD P-I4.OP AIRPLASSS - Concluded 


(unless otherwise Indicated, steady-spin data are for rudder-wlth spins of the model In the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spins/ 



^oscillatory spin. 

^Two types of spin. 

^■Steeper spin also occasionally obtained; oscillatory. 

^Steeper spin also obtained occasionally, recovery probably rapid. 
k Model goes into an inverted spin upon recovery from an erect spin. 
^Visual observation. 
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P-40E SUPPLEMENTARY TESTS FOR THE CURTISS FLIGHT NORMAL LOADING CONDITION 


Test condition 


Control settings 


a, deg 


!, deg 


V, fps 


Turns for recovery 


■Rudders 


initial final 


~“T“ 

_JS_ 


Against 


SOU (c) 


Clean condition 
(Dorsal fin No. 1) 


SOU (b) 


Against 


20D 


31 


20 D 


20 D (b) 


"Vro-spln fin attached on inboard wing 
(Dorsal fin No. 1) 


ra Pro-spin fin attached on inboard wing 
and modification 4 


3” 


Modification 5 


Against 


30U (b) 


With 


20D (b) 


Against 


20D 


_®L 


Agalnst 


Inverted Spins 
(Dorsal fin , No. 1) 


Neutral 


20U (g) 


2QU (c) 


Inverted spin, “pro-spin fin 
No. 1 attached (Dorsal fin No. 1) 


Inverted spin, n pro-spin fin 
No. 2 attached (Dorsal fin No. 1} 


Inverted spin, °pro-spin fin 
No. 3 attached (Dorsal fin No. 1? 


Inverted spih, “pro-spih Ho. 1 attached 
modification I 4 . added 1 


Neutral 


1 

22 


Inverted spin, propeller rotating 
(Dorsal fin No. II 


Inverted spin, propeller locked 
(Dorsal fin No. 1) 


Against 


Inverted spin, modification 5 


Neutral 


SOU 

20U 


spin 


20U (c) 


11 


^Steeper spin occasionally obtained: wandering and oscillatory spin. 

pSteep spin, high rate of descent. 

^Wandering and oscillatory spin. 

"Wandering spin. 

^Recovery attempted by simultaneous reversal of rudder and elevator. 
"Recovery attempted by neutralizing the rudder. 

^Oscillatory spin. 

.Two types of spin. 

^Steeper spin also occasionally obtained; oscillatory 
, Steeper spin also obtained occasionally; recovery probably rapid. 

^ Model goes into an Inverted spin upon recovery from an erect spin, 
visual observation. 

“21 inches high x 115 inches long. 
n 21 inches high x 45 inches long. 

°60 inches high x 100 inches long. 

^Turns for recovery obtained by releasing the rudder. 
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™~SCAL£ MODEL OF THE REPUBLIC YP-i# AIRPLANE 


Dimensional Data 



(Full 

Scale) 



b$ ft ® * 

& e e 

* * « 

• © 

. 36.00 

L, ft • • 

' 0 # * 

« « * 

* 

. 28.I48 

in* 

* e 0 

« # * 

* • 

. 7457 

S, sq ft 

* 9 4 * 

e a & 

« * 

223.73 

A « • • « 

* ® * 

* 0 * 

• * 

, 5.80 

L.E. c aft L.E. 

c r * in 

ft a< 

. 8.01+ 

S h , sq ft 

0 ft 9 

® « * 

® * 

. 31+. 67 

S g , sq ft 

( inc. 

bal.) 

© <9 

. 15.52 

S v , sq ft 

<s> » « 

« » « 

* * 

. 19 Mi 

S r , sq ft 

( ine . 

bal® ) 

« * 

. 9.50 

6 r , deg . 

* e $ 

® * # 

30 

R, 20 L 

6 e , deg . 

<s © « 

* « e 

30 

U, 20 D 

8 a » deg . 

« 0 a 

. 27 . 

5 u. 

22.5 D 

6 f» deg . 

* e a 

® * « 

* 9 

. 50 D 

TDPF . . 

® « e 

e ® « 


® ft a 0 

Landing gear . 

9 ® Conventional 



^ ji lb 

x/ c $ * » • *•••* 

2 t /C »«•«••••* 

Ij[* slug**ft^ « » • » 

Iy» slug-ft^ . e . . 

Ig, slug- ft . . . . 

Test altitude, ft . . 
|i (at sea level) » . 
l-i ( 5000 ft) * * » * * 


Mass Data 
Normal Loading 


Model as tested. 
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6900 

0*250 

0*069 

3439 

5769 

8557 

5000 

11.2 

13.0 


fr- % 

mb^ 

I y " h 



mb^ 


-83 x 10 
-99 x 10"^ 
182 x 10“^ 
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Re'sume'' of Model Test Results 

For the clean condition, normal loading for all aileron-elevator 
settings, the model spun at a flat attitude and would not recover 
"by rapid full rudder reversal. 

Extending mss along the wings and AX Z = 0*20 1^, 

extending or retracting mss along the fuselage and Al z ** 0.20 ly, 

or -0.13 ly)* or moving the center of gravity forward or hack 0.055 
from its normal position had no appreciable effect an the unsatisfactory 
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SPIN DATA OBTAINED WITH THE SCALE MODEL OP THE REPUBLIC YP-U3 AIRPLANE. 

[Unless otherwise indicated, steady-soin data are for rudder-with spins of the model in the clean condition 
and recoveries were attempted by rapid full rudder reversal from right erect spins .} 
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-i— SCALE MODEL OF THE REPUBLIC P-44 AIRPLANE 
20 


Dimensional Data 


b, ft • » 

(Pull 

» * <# 

Scale) 

0 * * 

* * 

. 3S.00 

L, f t . . 

» * 

* 

* 

* «* 

* a 

. 27*75 

c } m* <# 

• « 

« 

0 

« * 

# » 

* 74*56 

S, sq ft 

•» * 

* 


e 0 

* «. 

236,00 

A 

***** ® ® 

# 9 

« 

* 

« e 

8> « 

. 6. 12 

S h , sq ft 

» t» 

« 

9 

® 0 

* 9 

* I4.O.I4J4. 

S 0 , sq ft 

m & 


a 

* * 

9 ® 

. 18,65 

S v , sq ft 

9 0 

• 

9 

* * 

« * 

, 19. 24 

S r , sq ft 

• «* 

* 

* 

«■ * 

* * 

, 9.25 

8 r , deg . 

* ® 

• 

* 

* * 

30 

R, 30 L 

6©» deg . 

9 * 

* 

» 

* « 

30 

U, 20 D 

6 a , deg , 

e * 

0 


27*5 u. 

22,5 D 

8 deg * 

« # 

* 

« 

a j» 

* * 

, 40 D 

TDPF . . 

* « 

* 

* 

# « 

* 0 

® « ♦ 0 

landing gear 

* 

0 

e Conventional 



It ««*e«e9» 

x/ 

p 

I slu^f 't « * * # 

ly* slug- ft * * * * 

p 

l£» Slug- ft . . . . 

Test altitude, ft . . 
H (at sea level) . . 
H* (10,000 ft) . . . 


Mass Data 

- national advisory 

Korina! Loading COMMITTEE FOR AERONAUTICS 


8705 

0,260 

*x“ iy 

wiunm. *■ » 0 * * * « 

“82 

X 10“^ 

0.104 

mb 2 



4903 

Iy - I Z 

-95 

, “4 

8130 

I A* 

X 10 4 

11,819 

mb 

T T 



10,000 

J Z " I X 

» « « 0 0 8 

177 

x 10 

12.68 

17,19 

nrtT 
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Resume of Model Test Results 

For the noxml loading* clean condition* the model ■would not 
recover “by rapid full rudder reversal for any aileron-elevator setting. 
From elevator-up spins the model would also not recover by simultaneous 
reversal of both the rudder and elevator (data not presented) , 

Extending or retracting the mss "by 20 percent along the wings or 
fuselage and AE Z - 0,20 Ijj Aly and Al z ■ 0.20 I y J or moving 

the center of gravity either forward or rearward 0.05c from its normal 
position had no appreciable effect on the recovery characteristics of 
the model (data not presented) . 

For the landing condition (flaps 40° down and landing gear extended) 
recovery hy rapid full rudder reversal could not he obtained for any 
control configuration (date not presented) . 

For the normal- loading condition the model would spin inverted only 
when the controls were crossed. With the rudder set against the spin 
the model would not spin inverted for any control configuration. 

In an attempt to Improve the recovery characteristics of the model* 
numerous modifications (modifications 1 to 1 6) were tested on the model. 
Raising the horizontal tail surfaces 35 inches* full scale (modifica- 
tion 1 6) enabled satisfactory recoveries to be obtained. When the ailer- 
ons were set with the spin* recoveries were not attempted because of the 
steep* wandering* and oscillatory nature of the spin. 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 


NACA RM No. L7E15 


208 


SPTK DATA OBTAINED WITH THE —-SCALE MODEL OP THE REPUBLIC ?~hk AIRPLANE 

funlsss otherwise indicated, steady-spin data are for rudder-wifeb spins of the Taodel in the clean 
““condition and recoveries were attempted by rapid full rudder reversal from right erect spins J 


Normal loading 


Normal loading, rudder against spins 


Ailerons Against 

U I nT D 


I Ele vator 




Against 
U I N I D 


Neutral 

u I n Id" 


HI 


Inverted spin, normal loading 
Against Neutral 5¥ifch 

u In I d| uTnTd U ! N I D*” 
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l/20- SCALE MODEL OF THE CTJRTISS XP-ii.6 AIRPLANE 


Dimensional Data 


(Full scale) 


b* Ft 


ft * ❖ 

3^.33 

L, Ft » * * 9 » 

*s 0 

9 ft ft 

30.17 

c ; in * « » * # 

* « 

ft ft # 

78.98 

Ft » 0 e 

ft * 

* ® 

208.00 

A • ® *> ® # * « 

ft ® 

« « « 

5.67 

L # E* c~ aFt L*E« 

c r 

» « 0 

7.20 

S h , sc^, Ft « # * 

* * 

ft 0 * 

39^0 

Sg ^ sc[ ft # * ® 

* 9 

0 O * 

12.90 

S v , sq Ft « ® » 

0 « 

ft ® * 

I 7 .ll 

S r f Ft « s « 

# * 

ft ft ft 

9. 80 

0 j d eg * * * « 

* 0 

30 R 

, 30 L 

6 g s deg 0 ® » » 

® * 

30 U 

, 20 D 

deg 


2h u. 

11.5 D 

8 , deg ( 1/2 stick) 

. 10 

v s 7 D 

8^^ deg. # * « « 

« * 

* $ * 

h5 D 

TDPF 0,0®* 

0 « 

5U6 

X 10~ 6 

Landing gear * 

« * 

Retractable 


Mass Data 
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W j lb 4»t««ate« 

. 6,750 

x/ c 

ft 49 ft * 0 ft ft • « * 

. 0.261 

z/c 

ft# ft 6 ft S 4 ft ft ft ft 

. 0,063 

T X* 

slug-ft^ ft ft * ft ft 

. 3,285 

I Y* 

slug-Ft^ « * * 0 

. 5,5lo 

iz» 

0 

s lug- Ft * # # 0 0 

. 8,550 

Test 

altitude* ft , * , 

10,000 

{a (at sea level) » * » 

. 12.35 

u f ( 

at 10*000 Ft' 0 • * 

. 16.72 


T X * ....... ~91 x 10 “^ 

p 

mb 

t y " h ...... -122 x ia-k 

mb 2 

h 2 J x ....... 213 x 10-k 

mb^ 
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Resume” of Model Test Results 


For the norm.! loading, clean condition, normal control configu- 
ration for spinning, the model spun steeply (a * 29°) and recovery "by 


rapid full rudder reversal ms satisfactory 


tums^. 


Recoveries 


were unsatisfactory by rudder neutralization, When the elevator ms 
either neutral or down, recoveries by rapid full rudder reversal 
■were slower than when the elevator was up« Setting the ailerons 
against the spin had little effect on the recovery characteristics, 
whereas setting the ailerons with the spin led to spins which were 
too oscillatory or the model descended with too high a rate of 
descent {>272 feet per second) to test completely * 


Extending or retracting mss along the wings (aIj and 
Alg ~ to ,20 Jv) or extending mass along the fuselage ^Aly and 
£I Z = 0*20 ly) had little effect upon the recovery characteristics 
of the model. Retracting mss along the fuselage ^Aly and 
Al z ~ -0,20 7.jJ generally led to spins similar to the normal loading 
condition, although recoveries from the aileron-with, elevator neutral 
or full down spins were slow (&g turns and 2 1 turns, respectively^ , 

Movement of the center of gravity forward 0®05c or back 0,05c 
from its normal position had little effect on the recovery charac- 
teristics of the model* 


Opening the slots, for the model in the normal loading condition, 
generally expedited recoveries for the aileron-against and aileron- 
neutral spins* lowering the flaps 4-5° generally had a detrimental 
effect upon the recovery characteristics of the model, particularly 
for elevator-down spins. 


For the landing condition (slots open, landing gear and tell 
wheel extended, cockpit open, and flaps 45° down) , the spins obtained 
were flatter and recoveries were somewhat slower than for the normal 
loading, clean condition. 

The results of brief tests of the model indicated that for the 
normal loading condition, there was little effect of opening the 

1 ° 

cockpit, of extending the landing gear, or of offsetting the fin , 
on the recovery characteristics of the models 


Recoveries from inverted 
rudder reversal* 


spins were satisfactory by rapid full 

NATIONAL ADVISORY 
COMMITTEE fOk AERONAUTICS 
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SPIN DATA OBTAINED WITH THE -SCALE MODEL OF THE CURTISS XP-46 AIRPLANE 

[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spinsj 



Normal loading 


Against 


Full 10°U, ?°D 


AI X and AI Z = 0.20 I x 


Neutral I With 


01 1 216195 





and AI Z = 0.20 I y 


Ailerons | Against 1 Neutral j With 


0, deg 


fl, rps 


I V, fps 


Against j Neutral 


j c.g. moved forward C 

>. 05 c 

j Against ! 

Neutral J 

[""" With 


iBHiiiliiHHBiEBai 


laps down, normal loading 


Neutral [ With 



Inverted spins, normal loading j “Slightly oscillatory spin. 

“^Velocity too high to test. 


Ailerons 


Elevator 


Against Neutral 



c Recovery attempted by simultaneous rudder and 
elevator reversal. 1 

^Recovery attempted by neutralizing rudder. 
e Oscillatory and wandering spin. 

f 

Wandering spin. 

^Steeper .spin also obtainable. 

^Wandering, oscillatory, and steep spin. 
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_1_ 

20 


-SCALE MODEL OF THE REPUBLIC XP-l+78 AIRPLANE 



Normal Loading 


W g lb * y * y y * ' 4 

> * * iS 

11*860 

$»«$#»«> <2 

« » >S 

e 0,259 

% / by«©y«yy« 

S * * * 

. 0.057 

Ix» slug-ft^ . . , 

! * * » 

13.867 

ly* Slug~ft^ , » « 

i <S ♦ « 

13 . 0 ii 7 

2 

Ig, slug- ft . . , 

► * 4 « 

25*8Ul 

Test altitude, ft , 

r « <» y 

10*000 

H (at sea lew!) , 

■ « y e 

. 12.65 

\i* (10*000 ft) , , 

' # y # 

. 17.13 



,2 

mb 


...... ll}. X 10“^ 

. . * . « . »2iO ^ XQ ^ 

196 ^ XO 
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Resume/ of Model Test Results 


For the normal loading, clean condition, and normal control c 

configuration for spinning, the model spun at an angle of attack of 38 
with a vertical velocity of 226 feet per second, full scale, and 
recovery hy rapid full rudder reversal or by simultaneous full reversal 
of rudder and elevator was satisfactory (2 and 1 turns, respectively) . 
Recoveries from the elevator-neutral or elevator-down spins (ailerons 

neutral) were unsatisfactory ^4, > 3 ^ turns, respectively^ . For other 

control configurations, satisfactory recoveries "by rapid full rudder 
reversal were obtained only when the ailerons were set full against 
the spin. 


Retracting the mass along the wings 



and Al z ■ -O.37 


caused a reversal of aileron effect . 
along the fuselage ( Aly and Alg = 


Extending or retracting mass 
tO .20 IyJ had little effect on 


the spin recovery characteristics « 


With the flaps down 40°, normal loading, satisfactory recoveries 
were obtained only when the ailerons were set against the rotation. 
Retracting mss along the wings and AX Z “ -0,37 I x ^ in 


conjunction with deflecting the flaps 40° caused satisfactory recover- 
ies to be obtained only when the ailerons were set with the spin. 


The results indicate satisfactory recovery characteristics for 
the model for inverted spins. 

The addition of a ventral fin to the model (modification 1) was 
beneficial although recoveries from aileron -with spins, normal loading, 
were still unsatisfactory . Raising the horizontal tail 10 inches, 
full scale, in conjunction with the addition of a dorsal fin (modifi- 
cation 3 ) had the same effect on the recovery characteristics of the 
model as did modification 1. 


In an attempt to improve the recoveries from spins of the model 
with the flaps down 40°, normal loading, tail modifications 1 to 12 
were tested on the model. Generally these modifications were not 
adequately effective * 

CGI 
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SPIN DATA OBTAINED KTTH THE —-SCALE MODEL OF THE REPUBLIC XP-U? B AIRPIASE 

{unless otherwise indicated, steady-apin data are for ruddar-with spins of the model in the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spinsj 



a Veloeity too high to test. 

^Oscillatory and wandering spin. 

c Rapid recoveries were obtained when rudder was reversed before final steep 
attitude was reached. 

^Wandering %pin. 
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SPIN DATA OBTAINED WITH THE ^-SCALS KODEL OF THE REPUBLIC XP-1*? B AIRPLANE - Concluded 

[Unless otherwise Indicated* steady-spin data are for rudder-wl£h spins of the model In the clean 
condition and recoveries were attempted by rapid full rudder ‘reversal from right erect spins] 


Landing condition, normal loading 


Inverted spins, normal loading 


modification l s normal loading 
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“SCALE MODEL OP THE REPUBLIC P-47D AIRPLANE 


Dimensional Data 


(Full Seal©) 


b f ft . « , 

«■ * e 

© « 

«> 

. . . 140,78 

L t ft , , 

«■ « * 

e © 

* 

. . ,35*34 

ST* in. • 

e <s» * 

© * 

© 

. . * 87 , 1+6 
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» & * 

© * 

« 
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A » « « a 

* '<*. « 

© e 

•» 

« . * 5« 54 

L.E. IT aft L.E. 

°r* 

in 
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4* « » 
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* 

. . » 55*00 

S e * sq ft 

« S> ® 

* * 

© 

. . . 18,19 
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* « * 

« « 


e . . 26.50 

sq 

* ® © 

* « 

« 

» » « 10,86 

8 r , deg . 

« e ® 

® « 

<& 

30 R, 30 L 

8 e » deg . 

© e * 

e © 

# 

30 U s 20 D 

6 a ; deg . 

# « » 

. 27*5 U, 22.5 D 

TDPF . . 

* « © 

& S 

» 

160 x X0~ 6 

Landing gear 

* <& 

Conventional 




Normal Loading 


Mode! as tested. 


W, lb . • . 

x/e 

« * © © 

z/W 

. , , . 


si ug-ft^ 

^ z » 

slug-ft^ 

slug-ft^ 


& * # * 


& 9 ® 


© « « © 




« * © 


® ® « » « >4* 


Test altitude*, ft 
}i (at sea level) 
|j ? (10,000- ft) . 


« * © © 


« « # 


» * 9 


12 *692 

0 . 2?8 

0 ,Q&) 

13,870 

15,530 
28 , 300 
10*000 

13*55 

18,35 


J x ~ % 

mb 2 

1 Y " I Z 



* * ® * & ® 




©*>#«* 


. -27 x 10 


« -208 x 10 


235 X io' ‘ 


" 4 i 
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Beams” of Model Test Beaults 

The results indicated that for the normal loading and clean 
condition* recoveries of the model “by rapid full rudder reversal were 
satisfactory only when the ailerons were set full against the spin. 

For the noxml control configuration for spinning* two types of spin 
were obtained and recovery me satisfactory only from the steeper spin 
by simultaneous reversal of rudder and elevator. A moderate extension 
of mss along the fuselage ^Aly and Al^ » 0.20 lj J had no appreci- 
able effect on the unsatisfactory recovery characteristics of the model. 

3h order to improve the recovery characteristics of the model* 
the effects of various tail modifications were investigated (modifi- 
cations 1 to 8) * For the normal loading and clean condition* modifi- 
cation 2 (area added to bottom of fuselage and rudder) or modification 7 
(antispin fillets) appeared to be the most effective modifications. 

national advisory 
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SPIN DATA OBTAINED WITH THE ——SCALE MODEL OP THE REPUBLIC F-ltfD AIRPLANE 

[unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spins] 
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N 
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U 
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N 
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N 

D 
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U 
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U 

U 
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N 

U 
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N 
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D 

(h) 
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25 
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— 

— 

56 

45 
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54 

53 


35 

52 

50 

27 

53 

7T 

28 

50 

56 

53 


43 

¥ 
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BS 

n 

0 

— 

B 

m 

BS 

m 

BS 

B 

B 

B 

B 
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BS 

BS 

a 

Rl 
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B 

19 

BS 

BS 

H 

BS 

5S 
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mm 

s 

— 

B 

ea 

B 

SSI 

BE 

B 
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B 

m 
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m 

BI 

B 

m 

B 

m 

B 

m 

m 

Hi 
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P 
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69 

WH 

BS 

Bi 
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69 

a 

91 

69 

m 

M 

Hi 

m 

hi. 

m 

m 

HI 

fl 

Hi 
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for 
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1 

1 

1 
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$2 

3 

2I 
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5- 
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1 
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®2 
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1 

1 

4 

4 

1 

2 

* 

4 

4 

— 

1 

* 

u 
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Modification 1„ normal loading 


Modification 2, normal loading 


Modifica- 
tion 3> 
normal 


Modifica- 
tion 4» 
normal 
loading 


Ailerons 

Against 

Neutral 

With 

Against 

Neutral 

With 

Neutral 

L 

Neutr 

al 

Elevator 

HI 

B 

E 

B 
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m 

B 

11 


B 

a 

G 

B 

QjQ 

B 

Q 

RE 

ww 

B 

a 

B 

m 

B 

B 


N 
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SSI 

a 

B 

E9 

m 

a 

El 

BE 

m 

IS 

B 

E 

SI 

El 

Bi 

m 

m 

| 

1 

EH 

BE 

IB 

BI 

H9 

57 

0* deg 

ill 

a 

B 

aa 

■a 

El 

wa 

aa 

BB 

131 

B 

a 

BS 

■a 

19 

m 

es 

B 

e 

ID 

0 

0 

0 

0 

0 

[BESB 

pg 

a 

B 

a 

B9 

m 

w 

a 

B 

EH 

B 

a 
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B9 

m 

fl 

B 

— 

— 

— 

-— 

— 


BIB 

281 + 

a 

B 

a 

m 


BWI 

bi 

m 

gjj 

B 

a 


m 


iBSi 

Bi 

B 

= 

233 

Epi 

201 

201 


188 

Turns 

for 

recovery 


1 

s 

■ 


1 

'* 

4 

1 

1 

1 

1 

1 

1 


4 

3 

>2 



* 

1 

J 2 

2 

3 

3 


Modifica- 
tion 5 , 
normal 
loading 

Modif ica~ 
tlon 6, 
normal 
loading 


Modifica- 
tion 7 , 
normal 
loading 

Modi 

tio 

nor 

loa 

f lea" 
n 8 * 
mal 
ding 

e 

l 

c 

l Steep spin. 

’Two types of spin. 

Wandering and oscillatory spin. 

^Visual observation. 

Recovery attempted by simultaneous reversal of 

I Ailerons 

Neutral 

Neutral 

Neutral 

Neutral 

c 

e 

Elevator 

U 

2CP l] 

N 

U 

N 

D 

U 

20° U 

N 

U 

N 

ruaaer ana elevator. 

^Recovery attempted before final steep attitude 
was attained. 

^Recovery attempted by simultaneous full rudder 
reversal and reversal of elevator from 20 ° up 
to 20 ° down. 

^Wandering spin. 

^-Recovery attempted by rudder reversal to 
2/3 against the spin. 
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SC ALE MODEL OF THE REPUBLIC P~~47D~.30 AIRFLASS 


Concluded 




ly * If 



Condition 1 

• • «93 x hpU 

* * “128 x 10*4 



Condition II 


~16I * io’4 
155 x &r4 


Resuas^ of Model Test Results 

For the soml loading* clean condition* the model without the win 
stubs Installed hut with the wing tank supports attached recovered 
satisfactorily from all elevator-up spins "by rapid full rudder reversal 
or 'by simultaneous reversal of the elevator and rudder. Recoveries 
from elevator -neutral spins were unsatisfactory only when the ailerons 
were set full against the spin® With the wing tank supports and wing 
stubs installed satisfactory recoveries of the model were obtained only 
by simultaneous reversal of the elevator and rudder when the elevator 
was full up. 

In order to improve the recoveries obtained by rudder reversal of 
the model with the wing stubs >and wing- tank supports installed* various 
tail modifications were investigated (modifications 1 to 19) ® The 
addition of a ventral and dorsal fin (modifications 2 and 5) to the 
model had a beneficial effect* although not an entirely satisfactory 
one* Moving the horizontal and vertical tail surfaces rearward kO inch 
full scale from their original position had a beneficial effect on the 
recovery characteristics of the model although recovexy by rudder 
reversal alone from the spin for the noxml control configuration was 
still unsatisfactory * NATIONAL ADVISORY 
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SPIN DATA OBTAINED WITH THE —SCALE MODEL OF THE REPUBLIC P-ltfD-JO AIRPLANE 

[unless otherwise indicated, ateady-apin data are for rudder-with spina of the model In the clean 
condition and recoveries were attempted- by rapid full rudder reversal from right erect apins.j 



Ailerons 
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Neutral 

Elevator 

U D 

(f) 

U D 

a, deg 

1 *B 

57 U 8 

0, deg 

2D 

3 u 0 

A, rps 

0 . 1+2 

045 0 . 14-5 

V, fps 

>570 216 

278 220 ' 

Turns 

, 2l 

If 

for 

1 2 

>2 .1 

recovery 

k 5 

k 2 


Modification 2, Fuselage lengthened approximately 40 inches, a roMMiTTFF ran AFamuirrit*; 

normal loading, condition II (full-scale) normal loading, condition II Wandering spin. COMMITTEE FG8 AERONAUTICS 

— “Oscillatory in pitch and yaw. 

Against Neutral With c VelocIty too high to test. 

— — . . . . p* ^Recovery attempted by simultaneous 

UNDUNDUND reversal of rudder and elevator. 

2 - - — J ^Recovery attempted by elevator reversal 

— — — — alone. 

— ’ — * — ‘ Steep spin. 


Modifications /, 2, 3, 4 \ 5 and 6 ^-Ly-3 

/m 


Modifications 2, $, 9, iO, l l and 12 


Modifications /3, /4 and IS 

-f-n 



Modifications 16,17,18 and !9 
(Areas added to both 
sides of fuselage and tail) 
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“SCALE MODEL OF THE GRUMMAN XP~50 AIRPLANE 


Dimensional 


(Full Seal 


b» ft * 
L, ft . 
e", in* 

S* sq ft 


$ «■ 
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( 13*000 ft) * . . • * 
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*#«■«« 


. KB x 10 " 


. -238 x 10 " 


V # O . # # 


130 X 10 ’ 


■h 


COMMITTEE- FOR AERONAUTICS 
Resume of Model Test Results 

The test results indicated that recoveries by rapid full rud.de? 
reversal from all spins for all. conditions tested generally were 
satisfactory except when the ailerons were partly or fully ^ with the 
spin and the elevator partly or fully up* Setting the elevator dowr 
and/or setting the ailerons against the spin was conducive in pro- 
moting no spin conditions* 
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SPIN DATA OBTAINED WITH THE —SCALE MODEL OP THE GRUMMAN XP-5G AIRPLANE 

jtTnless otherwise Indicated, st*a,dy-$pln data are for rudder-si th. spins of the model in tile clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spini^ 
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normal loading 
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Up 
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i >4 


Flaps down 45°, normal 
loading 
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4-6 


5D 


0.5 0 


42 


3D 


P-52 


MATlOMAL ADVISORY 
COMMITTEE FC9 AEfiOMAUTICS 

a Velocity too high to test. 
b Kecovery attempted by 
elevator reversal alone. 
c Recovery attempted by 
simultaneous reversal of 
rudder and elevator. 
^Recovery attempted by 
releasing rudder and 
elevator. 

e Too wandering to test. 
f Too oscillatory to test. 
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jlpSCALE MODEL OP THE CURTJSS-WRXGHT 24“B AIRPLANE 
A POLL-SCALE FLYING MOCK-UP OF THE IP-55 AIRPLANE 


Dimensional Data 
(Full Scale) 
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When the flaps are down both ailerons are elevated 10° when the stick 
is laterally neutral* Normal deflections of 20° up and 14^° down 
were then made from this position* 
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Normal Loading 
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a/e 

Iji slug-ft^ 

Iff slug*' ft 
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Test altitude , ft 
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U*(10»000 ft) 


3241 

0,120 

0.132 

1409 

4062 

5041 

10,000 

6,05 

8,20 



h 


mb 4 


*“197 x 10“4 

. “72 x 10“4 


• 2.69 x Hr* 



NACA RM No, L7E15 


227 


Resume of Model Test Results 

For the clean condition, normal loading, the recovery characteristics 
of the model were unsatisfactory for all elevator settings when the 
ailerons were neutral® During these spins the model descended slowly 
with the fuselage almost horizontal, with a slow rate of rotation and an 

oscillation in roll of approximately i35°, Although complete reversal 
of the rudders stopped the rotation in less than a turn, the fuselage 
remained practically horizontal indicating the model was still in a 
stalled attitude. This occurred for all recoveries regardless of loading 
or control setting except where otherwise indicated in model test data. 


When the ailerons were with the spin, the model did not continue to 
rotate after heing launched into the tunnel, hut the fuselage remained 
practically horizontal; when the ailerons were set against the spin, the 
model oscillated in pitch and roll, until the oscillations "became so 
violent that the model pitched or rolled onto its hack. 


A moderate extension of mass along the wings ^AJy and Air? = 0.40 ly^ 
or fuselage ^Aly and Al z ™ 0.40 lyj, a retraction of mss along the 
fuselage (Aly and AX^ a - 0.15 ly^ or changes in the center- of- gravity- 


location forward 0.055 and 0.205 or hack 0.10c of its original position 
did not appreciably alter the recovery characteristics of the model. 

When the center of gravity was moved hack 0,49c from its original position, 
however, the model would continue to rotate after the rudders were 
reversed for recovery, whereas for the smaller changes of center-of -gravity 
location the model either remined in a stalled attitude without rotation 
or hosed over into a dive. Setting the flaps down 45° had little effect 
on the spin characteristics » A freely rotating propeller had little 
effect on the motion of the model in the spin. 


In general, the inverted spin characteristics of the model were 
quite similar to those for erect spins when the ailerons were neutral. 
When the controls were crossed, the initial spin rotation stopped after 
a few turns. Setting the controls together led to spins in which the 
model was violently oscillatory in pitch and roll. 


In an attempt to Improve the recovery characteristics of the model 
to obtain both cessation of rotation and nosing down of the model when 
the rudders were reversed, various modifications in design (modifications 1 
to 6) and control movements of the model were tested. 


Generally the most effective modifications were a large rearward 
extension of the fillets between the wing and fuselage (modification 2) or 
drooped ailerons of approximately twice the size of the original ailerons. 
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SPIN DATA OBTAINED WITH TEE ^-SCALE MODEL OF THE CURTI SS-WRI GET 2i*- B AIRPLANE 

pjnless otherwise Indicated, steady-spln data are for rudder-ts-1 th spins of the model In the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spina .3 
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a Oscillated violently In pitch and roll. Rate of 
rotation decreased as the violence of the 
oscillations increased. 

^Initial rotation stopped. Fuselage remained 
approximately horizontal. 

c Initial rotation stopped. Model then began to 
rotate in opposite direction and oscillated 
violently in pitch and roll, hate of rotation 
decreased as violence of the oscillations 
increased. 

^Oscillated in roll. 

®Fuaelage remained approximately horizontal 
after rotation stopped in number of turns 
indicated* 

^Hodel nosed over into steep dive after 
rotation stopped in number of turns 
indicated. 


, NATIONAL advisory 
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°Two types of spin. 

fysiid around with large radius. Nose 
approximately 1*0° below horizontal. 

*Slld around with large radius. Nose 
approximately 1*0° below horizontal. 

After a few turns nosed over and went 
into inverted dive. 


^Initial rotation stopped. Glided forward 
rapidly with nose approximately 15° below 
horizontal. 


^Initial rotation stopped. Model nose 
over into steep dive. 

^Glided forward rapidly with nose approxi- 
mately 15° below horizontal. 
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spin DATA OBTAINED WITS THE “-SCALS KOESL OF THE CDRTI SS-KRI GET 2^~B AIRPLANE - Ccoeludad 

jpnlaas otherwise indicated oteady-apin data are for ruddsr-with zpins of tb# ssodel In tbs olaan 
condition and recoveries were attesapted by rapid fall rudder roxor&al from right erect epins^ 
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a Oscillated violently in pitch and roll. Rate of 
rotation decreased as the violence of the 
oscillations increased. 

^Initial rotation stopped. Fuselage remained 
approximately horizontal. 

Initial rotation stopped* Model then began to 
rotate in opposite direction and oscillated 
violently in pitch and roll. Rate of rotation 
decreased as violence of the oscillations 
increased* 

^Oscillated in roll. 

e Fuselage remained approximately horizontal* 

S Two types of spin. 


Initial rotation stopped. Glided forward 
rapidly with nose approximately 15° below 
horizontal, 
k 

Initial rotation stopped. Model nosed over into 
steep dive* 

^•Glided forward rapidly with nogs 
approximately 15° below horizontal. 
m Initi«l rotation stopped. Glided forward 
for «. few foot 35® below horlssont&l and 
then nosed over Into a stoop div®, 
initial rotation stopped. Glided with 
slight rotation to right. Fuse lag® 
approximately horizontal. Oscillation 
In roll of approximately £25°. 

°Visual observation. 
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Modifications i and 2 
6 Dimensions fun scale) 


£ Fuselage- 


Plan view 





Modification J 



Datum 

//Me. 


Modification -4 (Dimensions fui/ scale) 



Modification 5 Addition of spoilers 
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0.059-SCALE MODEL OF THE CURTISS-WRIGHT XP-55 AIRPLANE 


rHptonsHniy^l Data 
(Full Scale) 
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When flaps were 45° down 
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Wing-tip trimmers, deg ....... 

Extensions of wing-tip trimmers, deg 
When linked with ailerons . 


When linked with the elevator 
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. 45 0 

0 

, . 28 U when adjacent aileron 
was 28 U 

9 D when adjacent aileron 
was 9 D 

, . Both 30 D when elevator was 
60 U 

Both 0 when elevator was 0 
Both 30 U when elevator was 
60 D 


When linked with the rudders. . . . 
Extension of right wing-tip trim- 
mer 


Extension of left wing-tip trim- 
mer 


40 U when right rudder was 
40 R 

11 D when right rudder was 
11 L 

11 D when left rudder was 
11 R 

40 U when left rudder was 
40 L 
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W* lb . . * * 7717 

*»*.»..**..* o.ns 

s/g * « * »*«»** -“0.019 

Xp slug-ft . ...... 4120 

2 y? SlUg’-'-ft 2 . . . . . * . « 3.0*836 

% slug™ ft 2 , ...... 14*712 

Test altitude^ ft ... . 10 * 000 

** (sea level) ...... 11*52 

4 S (10*0OO ft) ...... 15.61 





”168 x 10“4 
”95 x 10"4 
263 x 1 €t4 


Resume' of Model. Test ResuJ.ts 

The spins of the model for all control disfigurations and loadings 
were flat and oscillatory. The spin rotation stopped shortly after 
rapid full reversal of the rudders for all control conf igurations. 

Spins with ailerons set against the rotation were violently oscillatory. 
With the elevator neutral or full-^up the model remained in a flat erect 
attitude after the rotation stopped. With the elevator f ull, down or 
free the model went into a steep dive after the rotation stopped. 

Moving the center—of -gravity forward 0»08c* retracting mass 
along the fuselage {Aly and AI^ = —0.30 Iyj, s deflecting the flaps 

45° and extending the landing gear* or linking extensions of the_ 
wing— tip trimmers with the elevator Increased the rapidity with which 
the airplane nosed down into a dive after the spin rotation stopped. 
Moving the cent er-of -gravity rearward 0»08c or linking the extensions 
of the wing— tip trimmers with the rudders or ailerons decreased the 
tendency of the medal to dive after the rotation stopped. 
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[^Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean 
condition and recoveries were ettampted by rapid full rudder reversal from right erect spinsj 


Normal loading, right spins 


Ai lerons 


Elevator 


Normal loading, left spina 





a f/odel oscillatory in roll and pitch, range of values or 
average value given, 
b Two conditions possible, 

c Model recovered by pitching and or rolling out of the spin. 

Motion during recovery was extremely violent, 

^Oscillatory spin; range of values or average value given, 

8 After recovery, model glided forward at a flap attitude for 
an appreciable distance. 

f After recovery model glided forwprd at a flat attitude for 
a short distance. 

£ After recovery, model glided forward at a flat attitude for 
a short distance and then nosed down into a steep dive, 

^ After recovery model hosed down into a steep dive. 

*Model too oscillatory in pitch and roll to te3t completely. 


Jfclodel yawed in a circle of extremely large radius at a 
high angle of attack. Rotational velocity was low. 

^Wandering spin. 

^Model oscillates in pitch and wanders; appears to gallop. 

m Model recovered of its own accord in a wide spiral glide. 

^odel recovered in a wide spiral glide, 

°Model wdnt into an inverted spin after a short vertical 
dl ve . 

p High rate of descent. Model executed one violent 
oscillation in oitch per turn of spin. 
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SPIN DATA OBTAINED WITH THE 0.059 -SCALE MODEL OP THE CURTISS-WRIGHT XP-55 AIRPLANE - Concluded 

[Unless otherwise indicated, steady-spin data are for rudder-with 3pins of the model in the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spins} 
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®Model oscillatory in roll and pitch, range of values or 
average value given. 

b T»o conditions possible. 

c MIodel recovered by pitching and for rolling out of the spin. 
Motion during recovery was extremely violent. 

^Oscillatory spin, range of values or average value given. 

e After recovery, model glided forward at a flat attitude for 
an eopreciable distance. 

f After recovery, model glided forward at a flat attitude for 
a short distance. 

g After recovery, model glided forward at a flat attitude for 
a short distance, and then nosed down into a steep dive. 

b After recovery model nosed down into a steep dive. 

*Model too oscillatory in pitch end roll to test completely. 

^Model yawed in a circle of extremely large radius at a high 
angle of attack. Rotational velocity was low. 


^Wandering spin. 

^Model oscillates in pitch and wanders; appears to gallop, 
q Model oscillatory in pitch and roll, too wandering to test. 
r Model oscillatory In pitch and appears to gallop; range of 
values or average value given. 

3 Model spins steeply and smoothly with radius of spin too 
large to test. 

Three conditions possible. 

p M odel pitched into an inverted flap attitude after short 
vertical dive. NATIONAL ADVISORY 

v Visual observation. COMMITTEE FOR AERONAUTICS 
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- SCALE MODEL OP THE XP-56 AIRPLANE 

16 


Dimensional Data 


(Full Scale) 
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-Split rudder 

A rudder hinge 70% C. 



A Fr/se rudder 

Rudder detail 


(a) A forward movement of the stick deflects both elevons 20° down, 

(b) An aft movement of the stick deflects both elevons 30° up. 

(c) A lateral movement of the stick to the right moves the right eleven 

30° up, and the left eleven 15 ° down. 

(d) A lateral movement of the stick to the left moves the left elevon 

30° up, and the right elevon 15 ° down. 


The "elevon” deflections due to a lateral movement of the stick are 
superimposed upon those due to a longitudinal movement. 

Pushing right pedal will give one of the following maximum rudder movements; 


a. Deflect the right Frise balanced rudder 90° up and the left 20° down. 

b. Deflect the right split rudder ±60° with no effect on the left rudder. 

c. Deflect the right Frise balanced rudder up 90° and open the right spoilers 

(on both upper and lower surfaces of the wing) and deflect the left 

rudder down 20°, the left spoilers remaining closed, 
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Momal Loading 


9 # e ^ <> $ 

I-p slug-ft^ .* 
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Ig* s lug- ftr . 

Test altitude * ft 
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I x “ It 


<?***« 

® < 9 > © 


* » 



**$«<* 


® * # 


» 9 * 


# » 0 # 


9 » « 


<f <j* e 


Original 
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- 0*023 
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20 * 66 ? 
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10.14 
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245 X 10 


leTised 

10*194 

0.128 

-0.003 

9513 

6834 

15,635 

4000 

10.59 

12.62 

48 X 10”^- 
-165 * 10 “^ 
•5-117 x 10“^ 
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Ream®!' of Model Test Results 


In the clean condition* for th® revised normal loading and 
norm! control configuration for spinning* the model spun at a 
moderately steep angle of attack and recovery "by rapid full rudder 

reversal was satisfactory ( 1™ turns')* With th© elevens down (elevens 


as elevators) two conditions w@r@ obtained — a spin from which recoveries 


by rapid full reversal of th® rudders was unsatisfactory turns 
and a no-spin condition* 


Setting the ©levons as ailerons with th© spin caused recoveries 
from spins to become unsatisfactory. Setting th© elevens as ailerons 



Recoveries from inverted 
by rapid full rudder reversal, 


spins obtained were generally unsatisfactory 
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SPI2 DATA OBTAINED STXTB THE ^*SCALE MODEL OF THE NORTHROP XP~5& AIRPL^SE 


[unless otherwise indicated, s tsady-apin data are for rudd^r-tfith spina of the model in the clean 
condition and recoveries war® &tt«mpfc»d by rapid full rudder reversal from right erect spins j 



Ruddsr neutral spins 
Original normal loading condition 


Type A spoiler deflected &60° 
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ftATIOXAL ABVtSOPY 
CQMMJTTEl m, MSGUAUTICS 


®Two conditions possible* 
b Model oscillatory in pitch. 

. c Steep spin, high rate of descent* 
d Two types of spin. 

°Model went into steep rapid spin 
after rudder reversal. 
f Model went into spin that was 
oscillatory in pitch, rotation, 
end rate of descent after rudder 
reversal. 

^Wandering spin. 

^Recovery attempted by reversal of 
rudders, and movement of the 
3 tick from positions indicated 
to against the spin laterally 
and back longitudinally. 

1 Recovery attempted by lateral move- 
ment of stick el one from positions 
indicated to against the spin. 
^Flat spin. 
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_1_ 

20 


-SCALE MODEL OF THE BELL XP~59 AIRPLANE 


Dimensional Data 


(Full Seale) 


b. 

f ^ * # * # « 

» « 

>5 



1+0,00 

L, 

iTi) «»«««« 



❖ « 

a 

36.77 

e. 

XXI » * e » # 


* 



90,16 

s. 

sq ft ♦ « * 

« « 

* 


286.00 

A . 

» * >* * * * 

9 # 

* 

* e 

e 

5*60 

L.E 

L cT aft L.E* 


in 


e 

36,82 

S h> 

sq ft * » « 

* « 

<> 

« & 

* 

59.00 


sq ft ( ino * 

bal 

.) 

© 6 

* 

13,80 

S v* 

s q ft *> < « 

* * 

* 

© ft 

«■ 

35.00 

S r* 

sq ft ( inc » 

bal 

.) 

* # 

. 

10.80 

®.r» 

deg .... 

*? * 


20 

R. 

s 20 L 

V 

cie ^ « » « * 

«■ «S 

, 

25 

u 

, 20 D 


deg ( spoiler-type 




aileron) « * 

* * 

* 

. 35 

u, 0 


Outboard Zap flaps 

r /landing cond. * 100 

6 f> percent ( tate . 0 | f eOTd , _ 50 

Split flaps (inboard of booms) 

flanding cond. « * 1+5 D 

®f » d0 6 {take-off cond. . 22*5 D 

6 


TDPP . . . 
Landing gear 


1575 * 10" 
Tricycle 



NATIONAL ADVISORY 
COMMITTEE FOB AERONAUTICS 


Mas s Data 
Norma 1 Load in g 


w, lb .......... 11,197 

x/ C»...«...e.«*0. 275 

3l/c 0. 070 

2 

I slug- ft ....... 6530 

ly, slug-ft^ ....... 8520 

1^ slug— ft ...... l) + , 000 

Test altitude 5 ft ... . 10,000 

y (at sea' level) ..... 12.80 

n* (10,000 ft) ...... 17.35 



-56 x 10“^ 

-101 x 10 

137 x 10*^ 
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He sums of Model Test Results 


In the clean condition, normal loading, and normal control con- 
figuration for spinning, the model spun very steeply (a ~ 1 6°) and 
recoveries were very satisfactory hy rapid full rudder reversal, 
elevator reversal, or simultaneous reversal of rudder and elevator. 
With the elevator either neutral or down the model would not spin. 
Setting the ailerons either with or against the spin had little effect 
on the model’s recovery characteristics . 

Extending mss along the wings or fuselage (Aly and 
Alg = 0,40 Iy or Aly and Al z = O.3O Iy) , or moving the center of 

gravity forward O.oSc or hack 0.10c from its normal position had no 
appreciable effect upon the recovery characteristics of the model. 

The steady -spin and recovery characteristics of the model in the 
landing condition (flaps extended 100 percent and landing gear 
extended) with mass extended along the wings (Aly and Alg = 0.43 Iy) 

or in the take-off condition (flaps extended 50 percent and landing 
gear extended) with mass extended along the wings (Aly and 

AI Z = O.32 Iy) were very similar to the recovery characteristics of 
the model in the clean condition, normal loading* 

An alternate wing center section with a reflex trailing edge 
had little effect upon the recovery characteristics of the model. 

The model would spin inverted only when the controls were 
crossed and the elevator was up. Results indicate that recovery 
would he satisfactory hy rapid full rudder reversal* 

NATIONAL ADVISORY 
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SPIN DATA OBTAINED WITH THE SCALE KODEL OP THE BELL XP-59 AIRPLANE 

[unless otherwise indicated* steady-apin data are for rudder-with spins of the model In the clean condition 
and recoveries were bj rapid full rudd«r reversal from right erect spina!) 
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^Vertical velocity too high to test. 

^Recovery attempted by releasing rudder. 

Large radius or spin* too oscillatory to test* 
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Resume of Model Test Results 


For the normal loading, clean condition recoveries h y rapid full 
rudder reversal -were generally unsatisfactory except when the ailerons 
were set against the spin® The results indicated that simultaneous 
reversal of the rudder and elevator from elevator-up spins gave the 
most rapid recoveries* 

Extending the mss along the wings (AI^ and AXg » 0*20 Xj) ' 
or retracting the mss along the fuselage (A% and Air, ** -0*22 X^) 

had a beneficial effect on the recovery characteristics of the model* 
For these loadings, recoveries from spins by rudder reversal alone 
were unsatisfactory only when the ailerons were set full with the 
spin* Retracting the mss along the wings {a Ij and Alg ** -0*30 Xg-) 

or extending the mss along the fuselage (AXy and Alg ~ 0*25 Xy) 

had an adverse effect in that recoveries from the a3.leran~aga.inst 
spins were retarded® There was little effect on the aileron -neutral 
or alleron-with spins® 

A 0*05c forward or 0 * 10c rearward movement of the center of 
gravity from its normal position had no appreciable effect on the 
recovery characteristics of the model* 

For the landing condition (flaps down k^° f landing gear extended) 
the recovery characteristics of the model were similar to those 
obtained for the clean condition* 

Recoveries by rapid full rudder reversal from all inverted spine 
obtained were satisfactory . 

Replacing the original -toil surfaces with alternate tail . 
surfaces (modification 1) had little effect on the recovery charac- 
teristics of the model® 


Modifying the tips of the wing, the horizontal tail and the 
Vertical tail (square wing tips installed) (modifications 2 and 3) 
had little effect on the recovery characteristics of the model in the 
normal loading, clean condition, for erect or inverted spins* 

All tests conducted from this point on were made with modi- 
fications 2 and 3 incorporated In the model deal®!* The addition 
of a ventral fin to the fuselage and addition of area to the 
bottom of the rudder of the model (modification 4) improved the 
recovery characteristics, although recoveries from aileron-vith 
spins were still unsatisfactory for the normal-loading condition 
and with the mass retracted along the wings (A% and AJg » -0*30 lj ) « 
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Moving the horizontal tail 19 inches up and ^ inches rearward 
(modification 5) had a beneficial effect cm the recovery charac- 
teristics of the model for erect spins hut impaired the recoveries 
from inverted spins* 

For the armament loading condition (Alj and Alg - -0*30 X^) 

the model would not recover satisfactorily for any control setting* 
Decreasing the vertical fin chord. 10 inches, full scale (modifica- 
tion 6) had a beneficial effect on the recovery characteristics of 
the model from erect spins whereas from inverted spins there was 
little effect* 

The addition of wing 'tanks (see sketch) retarded recovery by 
rudder reversal* Test results (data not presented) indicated that 
the effect was due to a ballast change (increase in mss along the 
wings) and not due to the aerodynamic effect of the wing tanks* 
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{Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spins^ 



a Large spin radius, velocity top high to test, recovery 
, by rapid .full rudder reversal, probably rapid. 
^Velocity too high and spin too oscillatory to test. 
®Two conditions possible, 

“Oscillator^ spin. 

®Steeper spin also obtainable. 

I Model goes into inverted flight after recovery from 
right spin. 

©Recovery attempted by reversing the rudder from full 
*lth to zn against. NATIONAL ADVISORY 

COMMITTEE F02 AERONAUTICS 


^Recovery attempted by moving the elevator to 2/5 full 
. down, rudder remaining with the spin. 

1 Recovery attempted by simultaneously reversing the 

rudder from full with to 2/5 against the spin and moving 
the elevator to 2/J full d^wn; model goes into inverted 
spin after recovery from erect spin. 

J Recovery attempted by simultaneous neutralization of 
rudder and elevator. 
rVery oscillatory and wandering spin. 

‘'Visual observation. 

m Reeovery attempted by neutralizing the rudder 
^Oscillatory spin also obtained. 

Steep spin. 
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SPIN DATA OBTAINED WTTH THE -*= — SCALE MODEL OF THE BELL YP- 59 A AT HP LANE - Continued 
20 ' 

[Unless otherwise indicated, steady-spin data are for rudder-wlth. spins of the model in the clean 
condition end recoveries were attempted by rapid full rudder .reversal from right erect spins) 



Turns 

for 

recovery 


“Large soin radius, velocity too high to test, recovery 
by rapid full rudder reversal, probably rapid. 

b Velocity too high and spin too oscillatory to test. 

°Two conditions possible. 

“Oscillatory spin. 

e Steeper spin also obtainable. 

f Model goes into inverted flight after recovery from 
right spin. 

SRecovery attempted by reversing the rudder from full 
with to 2/3 against. 

^Recovery attempted by moving the elevator to 2/3 full 
down, rudder remaining a 1th the spin. 


^-Recovery attempted by simultaneously reversing the 
rudder from full with to 2/3 against the spin and 
moving the elevator to 2/3 full down* model goes 
into Inverted spin after recovery from erect spin. 

^Recovery attempted by simultaneous neutralization of 
rudder and elevator. 

k Very oscillatory and wandering spin. 

^Visual observation. 

m Recovery attempted by neutralizing the rudder 

n Oscillatory spin also obtained. 

^Steep spin. 

^Modification 3* 

^Recovery attempted before final steep attitude 
was attained. 

Recovery attempted by full simultaneous reversal 
of rudder and elevator* 
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SPIN DATA OBTAINED WITH THE I / 20- SC ALE MODEL OP THE YP-59A AIRPLANE (CONCLEDXD) 

QJnlesa otherwise lndloated, atoady-spin data ar® for rudder-with spins of the model In the clean ©audition 
and recoveries were attempted by rapid full rudder reversal from right erect splxuQ 



Modifications 2 and 5 
AIx and AIz = -0.30Ix 

Modifications 2 and S, 
inverted spins, normal loading 

Modification 2, alternate 
armament loading 

At lerona 

Against 
13 °u, 13 °D 

Neutral 

with 

13°u, 13°D 

Against 

13 °D 

1J°D 

Neutral 

with 

13°TJ, 13°D 


N 

eutra 



a 

Elevators 

U 

N 

D 

la ) 

T 

cl 

Tl 


• 

u 

N 

D 


•n 

3 

u 

R 

D 

u 

JjLL 

N 

Me 


B 

B 

Bl 


Bl 


a, deg 

18 

N 

0 

s 

p 

1 
n 

m 

R 

□ 

91 

Q 


9 

Q 

| 


i 

Bl 

B 


El 

9 

a 


B 

Q 

El 


B 

1 

deg 

2TJ 


I 

91 


i 

9 

9 


N 

0 


a 

It 

0 

s 

P 

i 

n 

El 


■ 

fl 

9 


Hi 


H 

9 

A, rps 

EBB 

EES 

9 

33! 

Egg 

3S 

S3 

Q| 




m 

BB 

BP 

■1 

m 

GBR 


EH 




V, fps 

ES 

a 

i 

n 

a 



m 



Qj| 

IS 

9 

Q 

3 


E9 

Bl 

9 


Ul 

9 

Turns 

for 

recovery 

0 

s 


>4 

4 

*2 

f 5 

A 

* 

i 


5 

o 1 

2 2 

A 

A 

OD 

4 

i 

5 ‘ 

* 

B 


'k 




GO 




Modi 

am 

flo 

not 

atlon 
at lo 

s 2 a 
adlng 

od 6 

9 




Modification 2, 
Inverted spins* 
normal loading 
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®targe spin radius, velocity too high to test, recovery 
by rapid full rudder reversal, probably rapid. 

Velocity too high and spin too oscillatory to test. 

°Two conditions possible. 

“Oscillatory spin. 

^Steeper spin also obtainable. 

* Model goes into inverted flight after recovery from 
right spin. 

"Recovery attempted by reversing the rudder from full 
with to 2/3 against. 

“Recovery attempted by moving the elevator to 2/3 full 
down, rudder remaining with the spin. 

NATIONAL ADVISORY 
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^Recovery attempted by simultaneously reversing the 
rudder from full with to 2/3 against the spin and 
moving the elevator to 2/3 full down; model goes 
into inverted 3pin after recovery from erect spin* 
JRecovery attempted by simultaneous neutralization of 
.rudder and elevator, 
fvery oscillatory and wandering spin. 

‘'Visual observation. 

^Recovery attempted by neutralizing the rudder. 
“Oscillatory spin also obtained. 

°Steep spin, 

q 

Recovery attempted before final steep attitude 
was attained* 
s Wandering spin* 
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Externa 1 mng tanks tester} cm modal with 
modified wing and vertical tail tips. The 
center of gravity location of all the tanks 
was 12.75 feet from the plane of symmetry 
3.6/ feet from the leading edge of the 
wing at y -12.75 feet and 0.22 feet helow 
the center-fine of the nacelle. Weight of each 
tank filled 1091 pounds. 

(pimemtem ftrfi &&&&$ 


NATIONAL ADVISORY 
COMMITTEE EOS AERONAUTICS 






NACA RM No. L7E15 


249 



SCALE MODEL OF THE CURTISS XP-80 AIRPLANE 


Dimensional Data 
(Full Seals) 
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Resume' of Model Test Results 


In the clean condition, normal loading, and normal control 
configuration for spinning, the model spun steeply (a = 32°) 
and recovery was satisfactory (2 turns) "by rapid full rudder reversal. 
Setting the ailerons against the rotation steepened the spin and 
expedited recovery regardless of elevator setting, whereas setting 
the ailerons with the rotation led to spins from which recoveries 
were unsatisfactory by rapid full rudder reversal. 

Extending or retracting mass along the wings or fuselage 
(Aly and Alg - 'if) , 20 Iy , or Aly and Alg = i0.20 Iy) , moving 

the center of gravity forward or back *0 .Opc from its normal 
position (data not presented) , extending the landing gear or deflecting 
the f3.aps k5° alone (data not presented) or in combination for the 
landing condition did not appreciably alter the spin and recovery 
characteristics of the model. 

Recoveries from inverted spins obtained were generally satis- 
factory by rapid full rudder reversal. 


Substitution of a modified tail (see sketch), revised aileron 
hinge line location (more rearward) , and alternate maximum aileron 
deflections did not alter the general spin and recovery character- 
istics of the model. 
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SPIN TESTS OF THE Jjy- SC ALE SSODEL OF THE CUBTISS XP-60 AIRPLANE 

[unless otherwise Indicated, steady-spln data are for rudder-with spins of the model In the clean condition 
^ and recoveries were attempted by rapid full rudder reversal from right erect spins .J 
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SPIN DATA OBTAINED WITH THE ^j-SCALE MODEL OF THE CURTISS XP-60A AIRPLANE 
EQUIPPED WITH AN ALL-MOVABLE HORIZONTAL TAIL 


Sinless otherwise indicated, stesdy-soin data are for rudder-with spins of the model In the clean 
condition f nd recoveries were attempted by rapid full rudder reversal from right erect spins] 
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NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 


a Spin oscillatory In 
roll . 

^Wandering spin. 

^Steeper spin also 
obtainable. 

^Recovery attempted by 
simultaneous reversal 
of rudder and elevator. 

e Model goes Into inverted 
flight after recovery. 
Model goes Into left 
erect spin after 
recovery . 

Sfiodel goes into inverted 
spin after recovery 
from erect spin. 

^Large radius spin. . 

^Velocity too high to 
test, 

•Jspin oscillatory in 
pitch. 

^Recovery attempted be- 
fore final steep atti- 
tude was attained. 

^Visual observation. 

Recovery attempted by 
elevator reversal. 

Oscillatory spin in 
roll and pitch. 




NACA RM No. L7E15 


255 


3PXK DATA OBTAINED THE - SCALE KODEL OF THE CURTISS XP^SClA &IHPh£5J2 

20 

funlass other*! se indicated, steady- spin data are for rudder-*! th spins of the rcodel In the ©lean 
condition and recoveries war© attempted by rapid fall rudder reversal fro® right erect epins.J 


Normal loading 


AIx and AI^ * -0.3 81 x j c.g« moved forward 0.05<: 
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All-movable horizontal tail tested on 
X P-60 A mode! 



Modification / 

Horizontal tail of same plan form 
as all movable tail , having fixed 
stabiliser and elevators. 
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A-“SCALE MODELS OF THE CURTISS XP-60C , P»60A»ICU 

50 

AMD P»60B**1CU AIRPLMES 
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NATIONAL ADVISORY 
commit m aeronautics 



Mode! as tested . 


Comparison of XP-60C, P-QOA-hCU, and Pf50B-f-CU wtoetefs. 
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P“60A«lCtf 

(Pull 


and P-60B-1CU 
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SPIN DATA OBTAINED WITH THE --SCALE MODELS OP THE CURTISS XP-60C, P-60A-1-CU AND P-60B-1-CU AIRPLANES 


[Unless otherwise indicated , steady spin data are for rudder-with spins of the model in the 
Glean condition and recoveries were attempted by rapid full rudder reversal from right 
erect spins at an equivalent test altitude of 15*000 feefc^ 


XP-6QC, normal loading 


XP-60C, normal loading, 50,000 foot altitude 
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JL-SCAIE MODEL OP THE CURTISS XP-60E AIRPLAHE 


20 

Dimensional Data 


(Full Seals) 


b; ft « » s 

e # 

ft « 


ft ft 

» 14 . 1 * 5 1 

L, ft « . • 

« ® 

ft ft 


ft # 

• 55*91 

c' f in* , . 

* e 

ft ft 


ft ft 

. 86,79 

S, sq ft * 

ft * 

ft * 

• 

ft * 

275*15 

A ***** 

9 e 

ft ft 


ft * 

» 6, 20 

L.J3* c aft 

L * ID « 


in* * 

• 12.1+6 

S h » sq ft * 

ft 9 

* » 


« ft 

» 5h« Uh 

S e , sq ft (total) . 

9 

ft * 

. H +.25 

sq ft 9 

« ft 

« « 

ft 

ft ft 

. 21*1+5 

S r , sq ft (total) * 

ft 

e ft 

. 10,59 

6 r , deg * * 

« « 


ft 

25 

H. 25 L 

§@, deg » « 

* ft 

ft e 

ft 

50 

U» 20 D 

6 &s deg * » 

* ft 

» ft 


l&g U, l6g~ D 

5y, deg # • 

ft * 

* s 

» 


. 1+5 D 

TDPF * * * 

* ft 

«■ ft 

ft 

572 X 10 


Landing gear * * , .Conventional 



Mass Da ta 
Normal Loading 


NATIONAL ADVISORY 
COMMITTEE F08 AERONAUTICS 
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Besttms of Model Test He salts 

Test rests! ts for 'both right and left spins are presented "because 
the model as tested was slightly asymmetrical in model construction* 
As indicated by the data, these asyssaetrles did not appreciably affect 
the test results* 


In the clean condition, normal loading, and normal control 
configuration for spinning, spins were steep and oscillatory with 
satisfactory recoveries obtained by rapid full rudder reversal 
(approximately 1 turn}* Moving the ©levator down before reversing the 
rudder retarded recoveries* 




A moderate 

AE Z * ±0 .20 


or retraction of ms® along the wings 
_ ) or moving the center of gravity rearward 
0 \ 06 c from its normal position did not appreciably alter the spin 
and recovery characteristics of the model for elevator*- up spins. 


COMMITTEE FOR AEMNAtmCS 
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—-SCALE MODEL OP THE NOHTBROP ZP-61 AIRPLM1 
5® 


Dimensional Data 


(Pull Scale) 
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NATIONAL ADVISORY 
COMMITTEE ?m AERONAUTICS 


la general^ the ao4©l spa moderately steep is. the n©:ma 1 
loading 5 clean eoaditloa^ with a Mgk rat© of descent;,# mill rmor^rlm 
front all spins were satisfactory try rapid. fen rad&er' reversal or 
elevator reversal from elevator up spins, 

3&rfe©n&isg mss along the ©r fuselage (^X ®s& ® 0®3® % 

or Mj m A » 0,20 j£) or w ing the ©eater of gmviiy fonrarf. 

©,®06§ or 0<Xs^ >***$ *a«***w*4* 
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SPIN DATA OBTAINED WITH THE 


1 

30 


-SCALE MODEL OP THE NORTHROP XP-6l AIRPLANE 


[Unless otherwise indicated, steady-spin data are for rudder- with spina of the model in the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect splns| 
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l/22- SCALE MODEL OF THE CURTISS XP-62 AIRPLANE 


Dimensional 
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Cj In. . 

# « 


* « 

© 

. . 104.70 

S» sq ft 

e e 

« 

s e 


. . I4.20.OD 
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SPIN DATA OBTAINED WITH THE --SCALE MODEL OF THE CUET'ISS XP-62 

(ijnless otherwise indicated, steady-spin data are for rudder-wl th spins 'of the model in the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spina] 
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4 ' against the spin. 

l Right aileron 5° down, left 
1^1 aileron 5° up. 


NATIONAL ADVISORY 
COMMITTEE FEi AE& 08 MTICS 



















































Id p ****** « ® 

# * 

38,33 

fTt/ ■©#*•**©#* 

* * 

31.33 
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With the stick full back or full 
forward, full rudder deflection 
cannot be obtained; and, conversely, 
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Mass Data 
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® ® ® 
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0,116 
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13,618 
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12,66 
-28 x 10“4 
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196 x 10“4 


8 076 
0.244 


7,509 

7,785 

14,426 

6,000 

11*10 

13.27 
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“180 x 10*4 
188 x 10“4 


The mass distribution of the P-63A-X-BE model equipped with the 
vse-tail was similar to the P-63A-1-BE model equipped with the 
conventional tail. NATIONAL ADVISORY 
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Resume' of Model Test Results 


For the XP-63 model in the normal loading, clean condition, 
recoveries from spins by rapid full rudder reversal were generally 
unsatisfactory except when the elevator was full up and the 
ailerons were set either neutral or fill against the spin. 

Retracting mass along the wings (Aly and Aly ~ -0 .40 Iy) 

or moving the center of gravity rearward 0.10c did not appreciably 
alter the recovery characteristics of the model. Extending mass 
along the wings (Aly and Aly = 0.20 Iy), extending mass along 

the fuselage (Aly and Aly = 0,20 Iy) or moving the center of 

gravity forward 0.05c from its normal position led to spins from 
which recoveries were somewhat greater than 2 turns for the normal 
control configuration spin obtained. 

In an attempt to improve the recovery characteristics of the 
model for the clean condition, normal loading, various modifications 
were incorporated in the tail design of the model. The addition of 
anti -spin fillets ahead of the horizontal tail (modification l), 
the addition of fin and rudder areas below the fuse lags in the 
vicinity of the horizontal tail (modification 2), an increase in 
tail length, 10 or 15 inches full scale (modifications 4 or 5), or 
a reduction in the length of the rudder chord (modification 6), 
led to slight favorable effects on the recovery characteristics of 
the model. Increasing the tail length 17 or 20 Inches, full scale, 
(modifications 7 or 3> respectively) greatly improved the recovery 
characteristics of the model and for the steady spin the model was 
not extremely sensitive to elevator setting. 


The remainder of the results obtained for the XP--63 model were 
for tests of the model with the vertical tail moved rearward 17 inches, 
full scale, and with reduced rudder chord (modification 7) * 


Extending mass along the wings (Aly and Aly ~ 0.22 Iy), 

extending or retracting mass along the fuselage or movements of the 
center of gravity forward 0.05c or back 0.106 from its normal 
position did not appreciably alter the recovery characteristics of 
the model. Retracting mass along the wings (Aly and Aly - -O.36 Iy) 


produced a reversal of aileron effect. Satisfactory recoveries were 
obtained from all spins, except when the ailerons were against the 


spin and the elevator was full down. 
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Extending the landing gear and flaps down 45° (landing condition) 
had an adverse effect upon the recovery characteristics of the modal 
and recoveries from all spins obtained were unsatisfactory by rapid 
full rudder reversal. 

Recoveries from all inverted spins obtained were satisfactory 
by rapid full rudder reversal. 

The P -63-I -BE model was dimensionally similar to the IP “63 model 
with modification 7 incorporated into its design] the model differed 
however in mass characteristics. Generally the spin and recovery 
characteristics of the model were similar to those of the XP-63 model 
revised with modification 7 and best recoveries were obtained with 
the ailerons set full against the spin. 

The installation of a vee tail on the P-63A-1-BE led to spins 
from which recoveries were rapid when the ailerons were against 
the spin with best recoveries being obtained when the ale rudder, 
acting as an elevator, was in the up position. With the elerudder 
acting as an elevator full -up only l/8 rudder pedal travel was 
allowed. When the ailerons were set with the spin, recoveries 
were unsatisfactory. Moderate retraction of mass along the wings, 
or variations in the center-of- gravity position had little effect 
upon the recovery characteristics of the model (data not presented) . 

NATIONAL ADVISORY 
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SPIN DATA OBTAINED WITH THE “-SCALE MODELS OF THE BELL XP-©3 AND 

^Unless otherwise indicated, steady-spin date are for rudder-wi th' spins of 
condition and recoveries were attempted by rapid full rudder reversal 


P-63A-1-BE AIRPLANES 

the XP -63 rabdel in the clean 
from right erect spins] 
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NATIONAL ADVISORY 


a Osci lletory spin. COMMITTEE FG8 AESOfc&JT ICS 

^Flat spin. 

c Recovery attempted by rudder reversal from full with to 2/3 against the spin* 

^Recovery attempted by simultaneous reversal of elevator and rudder. 

e Recovery attempted by neutralization of elevator and movement of rudder from full with to 2/3 against. 
^Wandering and oscillatory spin, 
gyery steep spin. 

-yodel seems to recover after turn, whips and reenters spin. 
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SPIN DATA OBTAINED WITH THE -~SCAL3 MODELS OF THE BELL XP-&3 AND P- 6 5 A- 1 -BE AIRPLANES - Continued 


[Unless otherwise Indicated, steady-spin data are for rudder-with spins of the XP-63 model in the cletm 
condition and recoveries were attempted by raoid full rudder reversal from right erect spins] 
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a Oscillatory spin. 

c Recovery attempted by rudder reversal from full with to 2/3 against the spin. 
^Wandering and oscillatory spin, 
gyery steep spin. 

* Wandering so in. 

•^Flying condition. 

^Visual observation. 

^Recovery attempted before final steep attitude attained. 
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SPIN DATA OBTAINED WITH THE 


_ 1 _ 

15 


•SCALE MODELS OF THE BELL 


XP -63 AND P-65A-I-BE AIRPLANES 


Concluded 


(Unless otherwise indicated, steady-spln data are for rudder-with spins of the XP -63 model in the clean 
condition and recoveries were attemoted by rapid full rudder reversal from right erect spinaj 
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a Oscillatory SDin. 

c Recovery attempted by rudder reversal from full with 
to 2/3 against the spin. 

^Wandering spin. 

^Visual observation. 

m Steeper type of spin also obtainable. 

n Model goes into inverted flight upon recovery. 

°Rlght rudder pedal 1/8 forward position* Recovery 
attempted by moving left rudder pecjal to 
1/8 forward position® 

^Right rudder pedal 5/8 forward. Recovery attempted 

by moving left rudder pedal to 5/8 forward position. 

q Right rudder pedal full forward. Recovery attempted 
by moving left rudder pedal full forward. 


r Right rudder pedal 7/8 forward. Recovery attempted 
by moving left rudder pedal to 7/8 forward 
position. 

s Right rudder pedal 1/2 forward. Recovery attempted 
by moving left rudder pedal to 1/2 forward 
position. 

t'Steep wide radius spin. 

u Spin oscillatory in combined yaw and roll. 
v Sp'in oscillatory in pitch, 
tendering spin, oscillatory in roll. 
x Recovery attempted by neutralizing rudder pedals. 

NATIONAL ADVISORY 
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-■-SCALE MODEL OF TEE Me DOME ELL I.P-6? AIRPI4EE 


Dimensional Data 
• (Full Soale) 
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/ / 

Re stone of Model Test Results 


For the normal loading, clean condition, and normal control 
configuration for spinning, the model spun at a moderately flat 
single of attack (a = 48°) and recovery "by rapid full rudder 

reversal was satisfactory turns) . Setting the elevator down 

before reversing the rudder steepened the spin hut had little 
effect upon recoveries. Simultaneous reversal of the rudder and 
elevator produced satisfactory recoveries, hut merely neutralizing 
the rudder or reversal of the elevator alone did not give satis- 
factory recoveries. Setting the ailerons either partially or 
full with the spin had an adverse effect, whereas setting the 
ailerons full against the spin had a favorable effect. 

Extending or retracting the mss along the wings (Aly and 
Alg = 0.15 I x , or Aly and AIz = -0.10 lx), extending the mss 
along the fuselage (Aly and AIz = 0.40 Iy), or a 0,05c forward 
or a 0.10c rearward movement of the center of gravity had little 
effect on the recovery characteristics of the model. 

For the landing condition (landing gear extended, flaps 4-5° 
down, ailerons drooped I5 0 ) , the recovery characteristics of the 
model were similar to those obtained for the clean condition. 


Satisfactory recoveries by rapid full rudder reversal were 
obtained from all inverted spins, except when the stick was forward 
and to the right. 

For the normal loading clean condition increasing the spin 
altitude to 15,000 feet had a slight adverse effect upon the 
recovery characteristics of the model. 


For the normal loading clean condition, modifying the hori— ^ 
zontal tail and ailerons (with revised’ aileron deflections) (see 
sketches) had little effect on the general spin and recovery 
characteristics of the model, NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 



NACA RM No, L7E15 


279 


SPIN DATA OBTAINED WITH THE -i— SCALE MODEL OP THE McDOJfNELL XP-b? AIRPLANE 


[Unl 3 ss otherwise indicated, steady-spin data are for rudder.-with spins of the model in tie clean 
*" condition and recoveries were attempted by rapid full rudder reversal from right erect spins] 
at an equivalent test altitude of 10,000 feet] 
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Comparison of modified and original horizontal 
tails tested on model, (l/ertical tall was not revised) 


& original 
elevator 
hinge 



£ modified 
elevator 

hinge 
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-SCALE MODEL OF THE REPUBLIC XP-69 AIR PLAICE' 
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Resumd" of Model Test Results 


In the clean condition, normal loading, and normal control 
configuration for spinning, the model spun steeply (a = 28°) and 
recoveries hy either reversing or neutralizing the rudder or 
simultaneously neutralizing or reversing the rudder and elevator 
were satisfactory. There was no appreciable effect of aileron 
or elevator settings on the satisfactory recovery characteristics 
of the model. 

Extending or retracting mass along the wings (AI X and 
Alg = ±0,30 lj ) , retracting mass along the fuselage (Aly and 
Alg = -0,20 ly), or moving the center of gravity 0,10c hack from 
its normal position did not appreciably alter the recovery charac- 
teristics of the model. 

For the landing condition (landing gear extended, flaps down 
4-0°), the recovery characteristics of the model became worse 
inasmuch as recoveries became very slow from a i ler on-aga ins t spins. 

Recoveries from all inverted spins were satisfactory by rapid 
full rudder reversal. 

Increasing the test altitude from 12,000 feet to 30,000 feet 
led to flat spins from which recoveries were unsatisfactory by 
rapid full rudder reversal. 


mriemki. mmsom 
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SPIN DATA OBTAINED WITH THE “-SCALE HODEL OP REPUBLIC XP-69 AIRPLANE 

[Unless otherwise indicated, ateady-3pin data are for rudder-with spins of the model in the clean 
condition and recoveries were attempted toy rapid full rudder reversal from right erect spins.j 
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bHlgh rate of descent. « liilTT “ "* ^UTICS 

c High rate of descent model will not spin with free rudder* 

^Radius of spin increases, model probably will not continue to spin. 
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Rs slims of Model Test Results 

In the clean condition* normal loading* and normal, control 
configuration for spinning* the model oscillated in pitch and 
roll* and the angle of attack of the spin ranged from 31° and 40°. 
Satisfactory recoveries were obtained only by simultaneous rapid 
full reversal of rudder and elevator or by rapid full reversal 
of rudder in conjunction with neutralizing the elevator. With 
the elevator either neutral or down* satisfactory recoveries by 
rapid full rudder reversal were obtained only from the steeper 
of two types of spin obtainable. Setting the ailerons with the 
Bpin had a detrimental effect on the recovery characteristics 
of the model* whereas setting the ailerons partly or fully against 
the spin enabled satisfactory recoveries to be obtained by rudder 
alone. 

Extending or retracting mass along the wings (AIj and 
AIj? = O .85 Ij or - 0.30 ly) or extending mass along the fuselage 
(Aly and Alg = 0.20 Iy) * moving the center of gravity (to.lOc) 

forward or back from its norm al position* lowering the flaps 60 °, 
or extending the landing gear did not appreciably alter the 
recovery characteristics of the model. 

Increasing the spin altitude to 25*000 feet had a detri- 
mental effect on the recovery characteristics of the model and 
recoveries by rudder reversal alone were satisfactory only with 
the ailerons set against the spin. 

Recoveries from a ll , inverted spins obtained were satisfactory 
by rapid full rudder reversal. 

The addition of fin and rudder area below the original tail 
(modifications 1* 2* and 3 ) Improved the recovery characteristics 
of the model; the addition of modification 2 enabled satisfactory 
recoveries to be obtained by rapid full rudder reversal from all 
elevator -up spins. NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 
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/Unless otherwise indicated., steady-spin data are for rudda r-rd. th spins of the model in the clean condition 
and recoveries were attempted by rapid full rudder reversal from right erect spins at an equivalent test 
altitude of 15,000 feet? 


Normal loading 


AIx and Alg = 

0.85I X 

Against 

Neutral 

With 



a Oscillatory spin, range of values or average 
values given. 

^ Large radius of spin. 
c Two types of spin. 
d Steep spin* 

e Recovery 'attempted by full ©levator reversal. 
^Recovery attempted by simultaneous neutralization 
of rudder and elevator. 

NATIONAL ADVISORY 
COmiTTEE FOR AERONAUTICS 


^Recovery attempted by simultaneous full reversal 
of rudder and elevator. 

^Recovery attempted by simultaneous reversal of 
rudder and neutralization of elevator. 

^Recovery attempted by movement of the rudder 
to 20 s against the spin. 

•^Recovery attempted by simultaneous movements of 

rudder to 20® against the spin and neutralization 
of elevator. 

k Visual observation. 

1 Wandering spin. 
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SPIN DATA OBTAINED WITH THE A- -SCALE S50DEL OF THE CURE! SS-tfRI (SIT XP-71 AIRPLANE - Concluded 
28 

^Unless otherwise indicated, steady- spin data are for rudden»with spins of the model in the clean condition and 
recoveries were attempted by rapid full rudder reversal from right erect spins at an equivalent test altitude 
of 1^,000 feetj 
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Re stone of Model Test Results 

The results indicated that for the normal loadin g * clean 
condition recoTeries of the model by rapid full rudder reversal 
would he unsatisfactory except when the ailerons were set full 
with the spin. A moderate extension of mass along the wings 
(AX X and Alg = 0.20 lj) * or movement of the center of gravity 

rearward 0.106 from, its normal position had no appreciable effect 
on the recovery characteristics. 

In order to improve the recovery characteristics of the 
model* various tail modifications were investigated (modifica- 
tions 1 to ll) » For the normal loading* clean condition* modi- 
fication 1 {horizontal tail moved rearward 17 inches* full scale* 
and raised 7 inches* full scale* from its original position* in 
conjunction with the addition of a ventral fin* 8 inches deep) 
was very effective and the results indicated that satisfactory 
recoveries by rapid full rudder reversal would generally be 
obtained. 

For the alternate loading condition { weight in the wing 
greatly increased) non© of the modifications (modifications 1 
to ll) led to satisfactory recovery characteristics. 

NATIONAL ADVISORY 
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SPIN DATA OBTAINED WITH THE jg-SCALE MODEL OF THE FISHER 30DY DETROIT DIVISION XP-?5 AIRPLANE 

[unless otherwise indicated, steady-spin data are Tor rudder-with spins of the model in the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spins. j 
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SPIN DATA OBTAINED WITH THE 


1 

16 


SCALE MODEL OF THE FI3H5R BODY DETROIT DIVISION XP-75 AIRPLANE 


Concluded 


[tfhless otherwise Indicated, steady-spin data are for rudder-with spins of the model in the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect splns| 
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'» Pandering and oscillatory spin, when range of values la 
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^Two types of spin. 

Recoveries attempted before model reached final attitude. 

e Visual observation. 

Recovery attempted by simultaneous reversal of rudder 
and elevators, 

i Varied number of turns required for recovery, probably due to 
phase of spin oscillation in which rudder was reversed. 

^ Steeper spin also obtainable. 
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EFFECTIVE 


MODIFICATIONS TESTED ON MODEL 
(All dimensions full-scale) 
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Resume^ of Model Test Results 


For the normal loading* clean condition* and normal control 
configuration for spinning, the model spun with a vertical velocity 
exceeding 305 feet per second full scale* Recovery by either rapid 
full rudder reversal or simultaneous reversal of the rudder and 
elevator was satisfactory. With the elevator set either neutral or 
down* for any aileron setting* recovery 'by rapid full rudder reversal 
was generally unsatisfactory » Setting the ailerons against the spin 
with the elevator up led to an oscillatory spin from which recovery 
of the model was marginal depending upon the phase of oscillation at 
the time recovery was attempted* whereas setting the ailerons with the 
spin had a “beneficial effect for all elevator settings on the recovery 
characteristics of the model. 

In an attempt to improve the recovery characteristics of the 
model for the norasal and alternate loadings* various modifications 
(modifications 1 to 6) were tested on the model* Modification k 
(vertical tail moved rearward 20 inches* full scale* from its 
normal location and tall cone lengthened to conform with the rear- 
ward location of the rudder) had a "beneficial effect on the recovery 
characteristics of the model. 

Recoveries of the model in the alternate loading clean condi- 
tion with modification 4 were marginal* Replacing the partial- 
length rudder with a full-length rudder (modification 5 ) had a 
slight detrimental effect on the recovery characteristics of the 
model* NATIONAL ADVISORY 
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SPIN DATA OBTAINED WITH THE ---SCALE KOD2L OF THE FISHER BODY P-75 AIRPLAHE 

[unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clear 
condition and recoveries were attempted by rapid full rudder reversal from right erect spins] 
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c Visual observation. 
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e Recovery attempted before model reached, final steep 
attitude . NATIONAL ADVISORY 

f Flat spin. COMMITTEE FOS AERONAUT ICS 

Ssteep spin. 
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SPIN DATA OBTAINED WITH THE ~j-SCAL£ MODEL OP THE FISHER BODY P-75 AIRPLANE - Concluded 


f Unless otherwise indicated, steady-spin data are for rudder -’ssith spins of the model in the clean 
condition and recoveries were attempted toy rapid full rudder reversal from right erect spinsj 
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Comparison of YP-T5 $ P-75 tail assemblies. 
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— SCALE MOBIL OP THE BILL XP« 77 AIHPLAS1 
15 


Bimen si on®. 1 Bata 


(Full Seale) 


!h# .ft 27 ^50 

L# ft 22 <u 60 

e # »’«»$»•«*«* lj >7 ® 87 

S# sq ft «►«<&»»* «» * 100 * 00 

a 7* 5^ 

L*E* <T aft Leg* o r# in* * 5*^4- 

ft $ •* * -fc * * * * 20 

Sq ft ^S* 58 

8^ eq ft ******** 9 ® ^3 

S|»£ sq ft • « $ » « * » •* 3 fcOili* 

8 r * dag * * « * * • 30 B;* 30 L 

8^ $ dag »«•»»«# 25 15 B 

8 a * deg **<*<**» 20U^20B 

8 deg «**#****««■ iSO B 
TDPF *»**,»** 2? x 10~ 6 

Landing gear . . » * * TTioyoXe 



Mass Data, Mode/ os tested. 


Uonaal Loading 


W, Its #*9 *#«***« 3387 

3^6* «©**»»*»©*« 0* 267 

iss^^o™ 0 ®^»67 

Ix> slug-ft^ • ••••••• £52 

Iy» slug-ft^ ».»*»*„ 222 I 4 . 

Xg, slug^ft^* *-*»©•»** 2650 

Test altitude, ft ® • * * 15,000 
ji (at sea level) ® ® • * * 16*07 

JA* ( 15,000 ft) 25*53 


IE «*» « X«p j 

..„ «««»«« ■*•198 X 10“ 

mb** 

lT--“.jj. **©*,. -5I4. x 10“ j 

®b2 

iS-lii ® , * ® * *- 252 * io~ j 

mb^ 

NATIONAL ADVISORY 
COMMITTEE F0H AEftOMAUTtCS 
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Resume'' of Model Test Be suits 


For the clean condition, normal loading, with either the 
original or revised tail surfaces installed on the model two 
types of spin were generally possible for all control settings 
tested; one spin was very flat from which recoveries by rapid . 

4 . full rudder reversal were slow or impossible, and the other spin 
was extremely oscillatory and recoveries by rapid full rudder 
reversal were satisfactory. 

Extending mass along the wings (My and Al£ = 0,20 Iy 
or 1,10 lx) or retracting mass along the fuselage (AIx 
and Aly = -0,20 ly) did not appreciably alter the recovery 
characteristics of the model except for an increased tendency 
of the model to remain in a flat spin from which recovery was 
unsatisfactory, Betracting mass along the wings (Aly 

and Alg = -0.20 Iy) or extending mass along the fuselage 
(My and Alg = 0.20 Iy) , decreased the tendency of the model 
to maintain flat spins and only a few unsatisfactory recoveries 
were obtained. Moving the center of gravity forward or rearward 
0 . 05 c from, its normal position gave results similar to those 
obtained for the normal loading condition. 

For the landing condition, the spin and recovery character- 
istics were similar to those obtained for the clean condition, 
normal loading. 

Becoveries from all inverted spins obtained were satisfactory 
by rapid full rudder reversal. 

In an attempt to steady the spin and improve the recovery 
characteristics of the model, modifications 1 through Ik were 
tested on the model. Generally the most effective modifications 
to steady the spin and insure satisfactory recoveries from spins 
were the addition of large triangular anti— spin fillets (modifi- 
cation 8), an increase in the horizontal tail span by approxi- 
mately 70 percent (modification 10), a movement of the vertical 
tail forward 2k inches full scale (modification 11), or an 
addition of a large area (6.0 sq ft) below the fuselage and 
rudder (modification 12), NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 
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SPIN DATA OBTAINED WITH THE — - SCALE KODSL OP THE BELL XF-77 AIRPLAY 

j^nless otherwise indicated, steady-spln data are for rudder-with spins of the model in the clean condition 
with revised tall and recoveries were attempted by rapid full rudder reversal from right erect spins] 



OQDQOOElOlIISO^OEliP 



c.g. moved forward 0 . 05 c 


Ailerons lAgainstl Neutral With Against Neutral With j Against 


Neutral With 






>5 *9 | • 


“Two donditlons possible. 

"Flat spin occasionally obtained. 
c Two types of spin. 

^Wandering spin; oscillatory in pi-tch and roll. 
a Model begins slipping after making a few turns, 
then turns again and repeats maneuver. 
f Wandering spin. 

Ssteep and oscillatory spin. 

^Steeper spin; oscillatory in pitch and roll.. 

^-Model spins flat, then goes into a steeper oscillatory 
spin and flattens out again. 


^Wandering and oscillatory spin. NATIONAL ADVISORY 

&Steep and wandering spin, COMMITTEE FOR AERONAUTICS 

^Wandering spin with Wide radius, 
m Visual observation. 

n Model goes into an inverted spin upon recovery from 
an erect spin. 

°Steeper spin; wandering and oscillatory In pitch and roll,. 
PSteep wander lrig spin, with a snap to the turning motion. 
qModel goes Into inverted flight upon recovery from erect 
spin, 

r 0sclllatory spin. 
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SPIN DATA OBATAINED WITH THE --SCALE MODEL OP THE BELL XP*77 AIRPLANE - Continued 

ftJnleaa otherwise indicated steady-spln data are for rudder-with spina of the model in the Clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spins j 



c.g. moved ba^k 0.05<T 


Landing condition, normal loading 





mMsnnmnmmttEMm 
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V 1 J y l m 3 V 1 nu 

t ”A * ■ t a ^ 





Modification 3, AI T and AI 2 * -0.20 I y Modification 1^., AI y and A l z = -0.20 I y 


With I Against I Neutral I With 


*Two conditions possible, 
bplat spin occasionally obtained. 

°Two types of spin. 

^Wandering spin; oscillatory in pitch and roll. 
e Model begins slipping after making a few turns 
then turns again and repeats maneuver. 

^Wandering spin. 

^Steeper spin; oscillatory in pitch and roll. 
JWandering and oscillatory spin. 

^Visual observation. 

n Model goes into an inverted spin upon recovery from 
an erect spin. 


®Spln oscillatory in pitch and roll. 

''Slightly oscillatory spin, spin gets slightly steeper and 
wandering at times. 

u Model appears to dive for a while and then spin Inverted. 
^Recovers In erect flight after recovery from inverted spin. 
"Recovery attempted by neutralization of rudder; visual 
observation. 

x Spins with whipping motion. 

^Steep spin. 
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SPIN DATA OBTAINED WITH THE ~SCALE MODEL OP THE BELL XP-77 AIRPLANE - Concluded. 

[unless otherwise indicated steady-spin data are for rudder-wlfch spina of the model in the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spins] 



Modification 6 , 
Aly and AI Z = -0.20 I y 
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tail surfaces with full length rudder) 
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^Two conditions possible* 

“Plat spin occasionally obtained® 

^wandering spin; oscillatory in pitch and roll 
^Wandering spin® 

^Wandering and oscillatory spin* 
m Visual observation. 

n Model goes into an inverted spin upon recovery from 
an erect spin® 


Wgoes Into inverted flight upon recovery from erect 
r 0scillatory spin« 

fSpin oscillatory in pitch and roll* 

^Spins with whipping motion® 

7Steep spin. 

z Recovery attempted by reversing rudder from full with to 
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Modification J2 


Modifica tion /3 and A i 



( Rail Scale) 


(Distensions are the gam© for both 
tail 1 and tail 2 except where 
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SPIN DATA OBTAINED WITH THE —SCALE SSODEL OP THE CHANCE V00GHT y~l43 AIRPI^AHE 

[unless otherwise indicated, steady-spin data are for rudder -with. aileron neutral spins of 
the model in the clean condition and recoveries were attempted by rapid full* rudder 
reversal from right erect spins 1 



Tfti 1 no . 1 
normal loading 

Tail no. 1, effect of mass variations and 
c.g, movements on spin characteristics. 
Recovery attempted by simultaneous reversal 
of rudder and elevator from jlevator up 
„ condition __ 
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Tail no. 2, effect of mas 3 variations and c.g. movements 
on spin characteristics. Recovery attempted by simuitaneoua 
reversal of rudder and elevator from elevator Up spina 
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SCALE MODEL OF THE VOUGHT- SIKORSKY V-173 AIRPLAHE 


Dimensional Data 
(Full Scale) 


b» ft » . 
L, ft . . 
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e « • ® « 


* * a « 23*33 
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(All ailevator deflections are measured from plane of stabiliser) 



Elevator U 


0 

1 30 

D 30 



30 u 

0 

30 u 

30 D 

0 

30 D 


TiOWAL ADVISORY 
TTEE FOR AERONAUTICS 












NACA RM No. L7E15 307 



ifess Data 


Loading * * * * * 
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IL <**>** * e 

* 

« * « 

. 1+615 


6285 


11,890 


11,890 

Xy C e « 9 a $ * e 


® * ® 

. 0,225 


0,225 


0,225 


0.218 

s «>«««««•» 


* * * 

0,006 
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Resume of Model Test Results 


For the prototype loading condition the spins of the model for 
all aileron -elevator settings were very steep (a < 20°) and the 
rates of descent in excess of 24p feet per second (full scale). 

Extending mass along the lateral axis (AEj and AE^ ~ 0-261 I^) 
retracting mass along the lateral axis (AE^- and AEg = -0-49 *X> 

in conjunction with an extension of mass along the longitudinal axis 
(Aly a.nfl AE^ = 0.12 Iy) > or a forward or rearward movement of 

the center of gravity 0.025c in conjunction with the change 
in mass along the lateral, and longitudinal axes led to steep, high- 
velocity spins similar to corresponding spins for the normal prototype 
loading and recoveries "by rapid full reversal of rudders were 
satisfactory. Because the spin characteristics for the prototype 
loading and for changes in mass distribution from the prototype 
loading were similar, it is believed that recoveries from spins 
for the normal prototype loading if attempted would have been 
satisfactory - 

Deflecting the leading edge of the stabilizer 30° down when the 
ailerons were set against the spin for the prototype loading produced 
unsatisfactory recoveries (®° turns), whereas for the condition of 
mass retracted along the lateral axis and extended along the 
longitudinal axis (AEy and AEy = 0.49 and AEy and 
at„ = 0.12 ly) , the test results indicate that generally deflection 

of the leading edge of the stabilizer 30 ° down had no appreciable 
effect on the satisfactory recovery characteristics of the model. 

The spin and recovery characteristics of the model ballasted 
for the intermediate loading were similar to the spin and recovery 
characteristics of the model for the prototype loading except when 
the ailerons were full against or full with the spin with the 
elevator f ull down, for which cases recoveries were unsatisfactory. 
Deflecting the leading edge of the stabilizer 30° down produced 
satisfactory recoveries from the ailerons against or neutral spins 
but unsatisfactory recoveries from the aileron-with spins. 

For the fighter loading (stabilizer in neutral position), the 
recovery characteristics of the model were unsatisfactory. Deflecting 
the leading edge of the stabilizer 30 ° down slightly improved the 
recovery characteristics. NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 



NACA RM No. L7E15 


309 


SPIN DATA OBTAINED WITH THE i-SCALE MODEL OF THE VOUGHT-SIKORSSH V-173 AIRPLANE 

f Unless otherwise indicated, steady-spin data are for rudder- wl th solas at ^ 

1 condition with the landing gear extended and stabilizer setting ?ero ^ *** clean 

atterapted by rapid full rudder reversal firm right erect spins? recoveries were 



^Steep spin » 

•^Recovery was attempted before the final steep attitude 
was attained, 

c Modera.tely steep spin with increasing radius. 
d Model attitude did not change after rudder reversal. 
®Slow recovery. 

f Steep spin with increasing radius. 

®Two types of spin. 


%hen launched in a flat attitude with the rudder against 
the rotation, the model ceased rotating after indicated 
number of turns* 

*Steep spin with small radius. 

JWandering spin, rate of rotation varies* 

“Tilde radius of sr>ln» 

*Two conditions possible* NATIONAL ADVISOPY 

COMMITTEE FC8 AERONAUTICS 
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SPIN data obtained with the scale model of the vought-sikorsky v-173 airplane - Concluded 


fUnless otherwise indicated, steady-apin data are for rudder-with spina of the model in the clean 
condition with the landing gear extended and stabilizer setting zero and recoveries were 
attempted by rapid full rudder reversal from right erect spinsj 
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l/32 SCALE MODEL OP THE GENERAL AIRBORNE TRANSPORT COMPANY XCG-16 GLIDER 


Dimensional Data 



(Pull Scale) 



b. 

ft 

* 
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L, 

ft 

• 
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in. ******** 
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TT aft L.E. c r , in. 

• 

25.00 

V 

sq ft ...... . 

* 

204.00 

s,. 

sq ft. ...... 

• 

68.60 


sqft....... 

• 
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6r> 
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33 
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6 a* 

deg (full stick) . 

20 

U, 10 D 


(l/2 stick) . . 

10 

U, 5 D 


(l/3 stick) . . 

7 

0, 3D 

•f. 

deg (Wing) .... 

• < 

. 45 D 

8f » 

deg (Cargo section) 

• < 

. 30 D 

. -6 


TDPF Normal tail 


7 x 10 


-6 


Twin vertical tails 34 x 10 
Twin vertical tails 
with modification 1, 206 X 10 

Landing gear Tricycle 


n-6 



Mass Data 


Normal Loading 1 Loading 2 Loading 3 

(Airplane) (Loadings tested with model) 


W, lb . . . . 

• • 

18,040 
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18,950 

27,250 

xA 

• • 

0.302 


0.306 

0.302 

0.302 

•A . . . v 

« • 

-0.004 


-0.032 

0,013 

0.106 

I*, slug -ft 2 

« * 

45,000 


65,100 

105,900 

110,200 

Iy, SlUg-ft 2 

• * 

32,600 


44,000 

93,100 

97,800 

I 2 , slug-ft 2 
Test altitude. 

• f 

ft 
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15,000 

137,500 
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jx (at sea level). 
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2.18 

2.29 

3.30 

(at 15,000 ft) 



3.47 

3.64 

5.24 
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• 

• 
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-4 
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* » » 
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Resume’ of Model Test Results 

Because of the structural design of the model it could not he 
ballasted to represent the glider at a reasonable test altitude for 
the normal loading condition. It was believed, however, that the 
spin characteristics of the glider could be estimated from results 
of tests for certain loadings other than the normal, loading, and 
accordingly the model was ballasted and tested for three loading 
conditions at an equivalent test altitude of 15,000 feet. It is 
believed that the data for loading 2 is most nearly representative 
of the glider in its normal loading condition. 

For all loading conditions tested, with the model in the clean 
condition equipped with either the original single vertical tall or 
the alternate vertical twin tails (see sketch) with or without 
dorsal fins, the model would spin only when the ailerons were partly 
or full with the rotation and the elevator was partly or full up. 
Recoveries from these spins were unsatisfactory by rapid full rudder 
reversal whereas neutralizing the elevator produced satisfactory 
recoveries. It should be noted that a reversal of the rudder alone 
caused the motions of the model to become violently oscillatory. 

Deflecting the flaps 45° had little effect upon the recovery 
characteristics of the model except with the controls In the normal 
configuration for spinning, for which case an oscillatory spin was 
obtained and recovery from this spin was unsatisfactory. Inverted 
spins were attempted with the model equipped with twin vertical tails 
and dorsal fins (see sketch) and ballasted to represent loading 2. 

In general the spin recovery characteristics were similar to the 
spin— recovery characteristics for erect spins with the model modified 
with twin tails and ventral fins (modification 1) as would be expected 
inasmuch as the tail effectiveness for recovery is probably of the 
same order for both cases. 

A large increase in vertical— tail ere a (modification 1) did not 
improve the recovery characteristics of the model. 

NATIONAL ADVISORY 
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SPIN DATA OBTAINED WITH THE —SCALE MODEL OF GENERAL AIRBORNE TRANSPORT XCG-16 GLIDER - 

[unless otherwise indicated, the model was equipped with twin vertical tails and dorsal fins, steady-spin 
data are for rudder-with spins of the model in the clean condition and recoveries were 
attempted by rapid full rudder reversal from right erect spins] 
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SCALE MODEL OF THE CURTISS 0-52 AIRPLANE 


Dimensional Data 


(Full Scale) 
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Resume of Model Test Results 


In the clean condition, normal loading, for all control 
configurations, the model spun at steep angles of attack (from 24° 
to 3^°) and recoveries from spins were satisfactory by rapid full 
rudder reversal. 

Extending mass along the wings or fuselage (AI X and 
Aljr = 0.30 lx or Aly and AI^ = 0.34 Iy) or moving the center 

of gravity forward or hack 0.05c from its normal position (data 
not presented) had no appreciable effect upon the satisfactory 
recovery characteristics of the model. 

Opening the slots had a very detrimental effect on the steady 
spin and recovery characteristics of the model and in general all 
recoveries obtained with the slots open were unsatisfactory. 

Lowering the flaps 60°, with or without drooping the ailerons 
15 °3 generally did not appreciably alter the recovery characteristics 
of the model and rapid recoveries were still obtained for elevator 
up spins. 

With the landing gear extended/ flaps down 60°, ailerons drooped 
15° and the slots open (landing condition), the recovery character- 
istics of the model were unsatisfactory except for aileron-with, 
elevator-up or elevator-neutral spins. With the ailerons not drooped 
with the model in the landing condition, satisfactory recoveries 
were obtained when the elevator was full up for all aileron settings. 

In an endeavor to improve the recovery characteristics of the 
model in the landing condition an alternate modified rudder (modified 
by the addition of approximately 1.40 square feet of area, full scale 
along the lower trailing edge, (see sketch), was installed. This 
modified rudder gave appreciably better results than the original; 
however, recoveries were still generally unsatisfactory. 

An inverted spin could be obtained only when the controls were 
crossed and the stick was forward; test results indicated (data not 
presented) that recovery from this spin would be satisfactory by 
rapid full rudder reversal. NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 
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SPIN DATA OBTAINED WITH THE —SCALE MODEL OP THE CURTISS 0-52 AIRPLANE 
20 

[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spin] 
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Landing condition, 
normal loading 

Landing condition, ailerons 
not drooped, normal loading 

Landing condition, normal 
loading, modified rudder 

Ailerons 

Against 

Neutral 

with 

Against 

Neutral 


Against 

Neutral 

With 

Elevator 

U 

N 

D 

- 

N 

D 

u 

N 

D 

U 

N 

D 

B 

D 




U 

N 

D 

U 

N 

D 

U 

N 

L»_ 

a, deg 

d 

El 

Bl 

m 

a 

B 

E 


E 


mm 

mm 

mm 

INI 









> 



_ 



BB 



B 

B 

^9 

mmm 

MBNMfl 

bnnbb 

BMNM 

NBNmI 

BB— 

mmmm 

BBM 

■Ml 


ESI 


BS 

m 

B 

a 

BBS 


IB 

mm 


mm 


B 
















... 

BB 



ESI 


MM 

liiM 


mmmmm 

■MMf 

■MM 

NNaNW 

mmmmm 

mmmmm 

mmmmm 

mmnbb 





S>! 

SEE 

353 





■■■a 




■Mil 

BB 

— 






—I 

mmm 

mmm 

mmmm 



















V, fps 

118 

108 

112 

140 

116 

114 

148 - 

126 

120 









130 

114 

114 

132 

122 

ns 

140 

— 

120 









Turns 

for 

recovery 

00 

CO 

00 

6 

00 

00 

* 

2 

5 

el 

3 

4 

5 

4 

... 

2 

00 

7 

4 

4 

5 

b 2 i 

2 

4 


4 

b i 

.... 

3 


a Recovery attempted by rudder neutralization* 

^Recovery attempted by simultaneous reversal of rudder and elevator* 
c Model would not spin* 

<%pln too oscillatory to test. 

•Estimated turns for recovery* 
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-i-v. SCALE MODEL OF THE MARTIN M-159 VOS- TYPE AIRPLANE 


Dimensional Data 


(Full Scale) 


fc. 

ft • * • * * 

« * 

* * * 

. 36.OO 

L. 

ft 

• • 

* * • 

. 35-00 

C* 

in* * • « • 

« • 


. 66.00 

s. 

sq ft • * * 

• * 


362.00 

A ( 

upper wing) 

• 9 


- 3.39 

L.E 

.. c" aft L.E, 

°r 



( 

lower wing). 

in* 


. 1.32 

S h» 

Sq ft • • • 

• • 


. 54.25 


sq ft * * . 

« • 


. 17.50 

S v» 

sq ft * * • 

• • 


. 30.00 

s r . 

sq ft * • * 

• * 


. 13.40 

6 j* ^ 

deg « * » * 

• • 

. 30 

R, 30 L 


d© g • • • • 

« » 

• 35 

U, 25 D 

6 a> 

de g • * * * 

» * 

. 30 

U, 15 D 
-A 

TDPF 

• « 

. 2110 x 10 

Landing gear 

• * 

# * * 

* Float 



Mass Data 


Mode , 1 as tested. 


Normal Loading 


W, lb 

. . . . 5116- 

x/c~ .*•••«•• 

. , . . 0.230 

z/<r 

. . . .0.130 

S lUg-ft * * e 

. . . . 3838 

ly, slug-ft^ • • * 

.... 684o 

Ig, slug-ft^ • * . 

.... 8752 

Test altitude, ft * 

. . . 10,000 

H (at sea level) 

.... 4.86 

( 10,000 ft) . . 

. . . . 6.59 
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Resume" of Model Test Results 


For the normal loading, clean condition, the model exhibited 
a very pronounced tendency to wander and therefore prolonged spins 
could not "be attained. During these tests, the wing— tip floats 
were broken off each time the model struck the safety netting and 
accordingly the wing— tip floats were removed and weights added to 
give the proper mass distribution value. It was determined that 
this change did not influence the spin characteristics of the 
model and the wing— tip floats were left off for the remainder of 
the tests. 

With the mass extended along the wings (Aly and 
Alg = 0.30 Ijr ) , the model spun in a flat attitude and was extremely 

oscillatory when the elevator was either partially or full up. 

With the elevator either neutral or ’down, the spin was steep and 
steady. With a pro-spin fin added to the model for this loading, 
the spin characteristics of the model were not appreciably affected. 
For. the elevator— neutral spins, recovery by simultaneous reversal 
of the elevator from neutral to down and the rudder from full with 
to full against the spin required 3 turns. (The pro-spin fin 
contributed a pro-spin yawing moment of approximately 0.017.) With 
mass extended along the fuselage (Aly and AI Z =' 0.30 Iy) and 
with the pro— spin fin installed (data not presented) there was but 
slight differences in the spin results of the model as compared 
with the results obtained with the mass extended along the wings 
and the pro-spin fin installed. NATIONAL ADVISORY 

COMMITTEE FOP AERONAUTICS 
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SPIN DATA OBTAINED WITH THE ---SCALE MODEL OF THE MARTIN M-159 AIRPLANE 
(Unless otherwise Indicated, steady-spin data are for spins of the model in the clean condition^ 


AI X and AI Z = O. 30 I^ aileron-neutral spins 

AI^ and AI Z = 0.J0 Ijj, aileron-neutral spins, 
pro-spin fin attached 

Rudder 

Elevator 

Description of spin 

Rudder 

Elevator 

Description of spin 

With 

55 ° u 

Flat, oscillatory spin, low velocity 

With 

35° o 

Flat, oscillatory spin, low velocity 

With 

15° u 

Flat, oscillatory spin, low velocity 

With 

15 0 u 

Flat, oscillatory spin, low velocity 

With 

N 

Steep spin, high velocity 

With 

N 

Steep spin, high velocity 

With 

23° D 

Steep spin, high velocity 

mi 

25° D 

Steep spin, high velocity 

Neutral 

55° u 

No spin 

EB 

35° 0 

Fiat, oscillatory spin, lowTrelocIty 



No spin 

B 

15 0 u 

Flat, oscillatory spin, low velocity 


N 

Steep spin, high velocity 

B 

N 

Moderate attitude, moderate velocity 

Neutral 

25° D 

Steep spin, high velocity 

Neutral 

25° D, 

Steep spin, high velocity 

Against 

55 ° u 

No spin 

nm 

35° u 

No spin 

Against 

15 0 u 

No spin 

(SB 

E9I 

No spin 

Against 

N 

No spin 

Against 

■ 

No spin 

Agal ns t 

25° D 

No spin 

Agaln3t 


No spin 
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Pro -spin fin | 

1 attached to Mode i * 


! 

| 

y-i Inboard wing tip 







S\ r*-2<7° 
■%\ 1 


■*— 2.00+ 

r" 4CHJ 


-4.00- * 


( D/mer?j/or?s are mode/ i/a/aes) 


Z.00^ 












|o to «4 iJ 
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■jj -SCALE MODEL OF THE NAVAL AIRCRAFT FACTORY XOSN-1 SEAPLANE AND LANDPLANE 



Model as tested. 


Dimensional Data 


NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 


(Full Scale) 


(Dimensions are the same for landplane and seaplane 
except where noted) 


b, ft 36.00 

L. ft 

Seaplane •••••••• 33.40 

Landplane 27.90 

, in 70.09 

, sq ft • 378.25 

4.06 

•E • t aft L.E* Cyi in . . 19.13 

Sh« eq ft 69.00 

S e , sq ft 27.00 

Sti sq ft ......... 29.70 


S r * sq ft. ........ 21.40 


5f j deg ......... 30 R| 30 L 

5^i deg ......... 30 U# 20 D 

5 a , deg 30 TJ, 15 D 

5f , deg 45 D 

TDPF 

Seaplane ••••••• 324 x 10“° 

Landplane ••..... 313 x 10*® 

Landing gear 

Seaplane Float 

Landplane • Fixed 
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Mass Data 
Normal Loading 
(Seaplane) 


W, lb 

• 5299 

x/c 

. 0.286 

z/% 

. 0.044 

IX, slug-ft 2 ...... 

. 3610 

Iy, slug-ft^ • 

. 5710 

I Z , slug-ft 2 

. 7070 

Test altitude* ft ... . 

10,000 

p (at sea level) .... 

. 5.08 

(10,000 ft) 

. 6.89 



-99 x lCf 4 
-64 x 10" 4 
163 x 10“- 


( Land piano ) 



... 5023 


. . . 0.319 


• . —0.022 

lx* slug— ft 2 . » » ♦ 

. . . 2705 

Iy, Slug-ft 2 .... 

. . . 5115 

l£, SlUg-ft 2 .... 

... 6496 

Test altitude, ft . • 

. . 10,000 

H (at sea level) . . 

. . . 4.82 

:H» (10,000 ft) ... 

... 6.53 


mb 2 

h- h 

mb 2 

I Z * *X 


mb 2 


-119 x lo“ 4 


-68 x 10" 4 
187 x 10" 4 
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Resume' of Model Test Results 

The recovery characteristics of the seaplane and landplane models 
when in the clean condition, normal loading, were generally satis- 
factory by rapid full rudder reversal for all control configurations 
tested. 

Moderate extension of mass along the wings or fuselage (see chart 
for quantitative values) or center-of -gravity movements forward 0.08c 
or rearward 0.05c from the normal position for either of the two 
models had no appreciable effect on the recovery characteristics of 
the models. For the "worst" loading condition, that is, mass extended 
along the wings (see chart for quantitative values) and the center of 
gravity moved forward 0.08c, the recovery characteristics of both 
models were similar to the characteristics for the normal loading 
condition. 

For the seaplane model, deflecting the flaps or opening the 
slots had no appreciable effect on the recovery characteristics of 
the model; for the landplane model, however, deflecting the flaps had 
a slight beneficial effect. 

Installation of a modified upper wing (original wing with no 
eweepback) had little effect on the turns required to effect a 
recovery from a spin. 

In an attempt to obtain rapid recoveries for the "worst" loading 
conditions of the models with the elevator full down, a number of 
tests were conducted with a series of tail modifications (modifi- 
cations 1 to 5^) • Results of these tests indicated that increasing 
the height and decreasing the chord of the rudder, or lengthening the 
fuselage, or lowering the horizontal tail surfaces, led to the 
desired results. Tail number 5^ gave rapid recoveries from spins for 
both the seaplane and landplane models in their normal loading 
conditions. 
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SPIN DATA OBTAINED WITH THE SCALE MODEL OF THE NAVAL AIRCRAFT FACTORY XOSN-1 AIRPLANE 

[ttiless otherwise indicated, steady-SDin data are for rudder-wlth spins of the model in the clean condition and 
recoveries were attempted by rapid full rudder reversal from right erect spina] 


Seaplane, normal loading 


'Seaplane; effect of mass variations 
[and c.g. movements on turns for 
recovery. Aileron-neutral spins. 


Against 


?ou hi .4X1 


15D 


9D 


97 -hrt 30U 


With 


9D 


15D 


AI X and AI Z - 0.15 lx 


Alx and AIz = 0 . 30 i x 


A 


Seaplane, AI X and Alg = 0«30l x 
c.g. moved forward 0 . 08 <: 


Against 


JOU 

15D 


i?.4q 

9D 


17 . 41 I 30U 

9D I 15D 


with 


a, deg 


50 


55 


46 


hi 


h9 


30 


25 


AIy and AIz a 0.15 Iy 


0 , deg 


5D 


7D 


A 


a, deg 


51 


52 


46 


46 


49 


52 


52 


r P s 


0.55 


0.55 


0.43 


0.53 


0.55 


0.58 


0.65 


AI y and AI Z - O. 3 O l y 


0 , 8 eg 


3D 


3D 


4d 


V, fps 


118 


118 


129 


118 


155 


156 


c.g. moved forward 0 . 08 c 


Xi, rps 


0.55 


0.55 


0.45 


O .56 


O .56 


O .55 


0.55 


V, fps 


119 


119 


132 


126 


149 


148 


Turns 

for 

recovery 


c.g. moved back 0 . 05 c 


Bomber loading 


A 


Turns 

for 

recovery 


Seaplane, normal 
loading effect 
of flap settings] 
for aileron 
neutral spins 


Flaps 

down 


15 ° 30 ° 45° 


a, deg 


45 


59 


55 


Seaplane; effect of 
slots for aileron 
neutral spins, normal 
loading 


Right 

open 


a, deg 


46 


Left 

open 


44 


Both 

open 


40 


Seaplane, effect of flaps and slots on 
turns for recovery for aileron neutral 
spins, 

AI X and AIz = 0.30lx 
c.g. moved forward 0 . 08 'c 


Seaplane , 
modified uppeij 
wing, normal 
loading 


Flaps 15 0 down 


Flaps 30° down 


Ailerons 


Neutral 


plots open 


a, deg 


45 


°iii 


0 , deg 


f l > r P s 


0.41 


57 


4u 


0.55 


44 


5u 


0.57 


0 , deg 


5U 


0 > deg 


5U 


6 d 


4d 


Flaps 45° down 


V, fps 


159 


126 


124 


XI * rps 


0.52 


0.51 


10.52 


\D , rps 


0.54 


0.51 


v, fps 


126 


128 


V, fps 


123 


0-52 } 

130 


Right slot open 


Turns 

for 

recovery 


4 


Turns 

for 

[recovery 


Left slot open 


Turns 

for 

recovery 


Both slots open 


Landplane, normal loading 


[Landplane, effect of mass 
variations and c.g. move- 
Iments on turns for recovery) 
for aileron-neutral spins 


Against 


30U 

15D 


a, deg 


0 . deg 


17-4U 

9D 


i7.4u 

9D 


50tj 

15 D 


AIx and AIz 
0.20 I Y 


AIy and AI Z 

0 . 40 ix 


AIy and AIz 

0-17 IY 


AI Y and AIz 
0.54IY 


Landplane, effect of flap! 
on turns for recovery for 
aileron-neutral elevator- 
. neutral spins 


Flaps down 


15 ° fco° 


Normal loading 


a, deg 


0 , deg 


Landplane, 
modified 
upper wlngsj 
normal 
loading 


Landplane , 
nodlf led 
upper wings, 
AIy + AI Z = 

0.54ly, 

c.g. moved 

forward 

0 . 08 c 


45 


3-U 


49 


48 


Neutral 


44 


47 


48 


ft , res 


3 .g. moved^for] 
ward 0.08'c 


V, fps 


g. moved bacl^. 
0 . 05 ‘c 


Bomber loading 


Turns 

for 

recovery 


AI Y and AIz “ 
0.34 T y 

c.g. moved 
forward 0.08c 


AIy and AIz = 

0.34 I y 

c.g. moved 
forward 0 . 08 “ 


ft, rps k)45k).54p.55 


[041 


047 b. 5 q 


V, fps 


130 


119 


115 


154 


127 


126 


Turns 

for 

recovery 


A 


A 

5 


Recovery attempted by simultaneous reversal of rudder and elevator. 
^Before recovery was attempted model wandered. 
c Visual observation. 
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SPIN DATA OBTAINED WITH THE --SCALE MODEL OF THE NAVAL AIRCRAFT FACTORY XOSN-I AIRPLANE - Continued 
16 

[unless otherwise indicated, steady-spin data are for the rudder-with spins of the model in the clean condition 
and recoveries were attempted by rapid full rudder reversal from right erect spinsj 


Effect of tail modifications on turns for recovery for aileron neutral spins for an adverse loading condition, 
(Aly and AIz = 0.1? Iy J e.g. at 0.25c) 


Modification 


Normal load, tall wheel off 


Seaplane, normal load 


20 6Iy and AIz = 0.34 Iy, c.g. at 0.2i^c, I Zj 
alternate tall wheel number 1 1 ^ 


Aly and AI Z = 0.34 Iy , c.g. at 0.24c, 1 

1 alternate tail wheel number 1 z 


Aly and AI Z = Q.34ly, c.g. at 0.24c 


Horizontal surface down 6 inches, 
tail wheel off 


23 Aly and AI Z = 0-34 Iy, c.g. at 0.24c, 
alternate tail wheel number 1 


Horizontal surface down 16 Inches 


Horizontal surface up 20 inches 


Horizontal surface back 12 inches 


Horizontal surface back 12 inches, 
fin forward 22 inches 


Tail lengthened 12 inches 


Aly and AI Z = 0.54 Iy, c.g. at 0.24c*, 
alternate tall wheel number 1 


Aly and AIz = 0.34 Iy* c.g. at Q,2"4c, 
alternate tail wheel number 1 


Normal load, tail wheel off 


Aly and AI Z = O.JL-Iy, c.g. at 0.240”, r 
tail wheel off 


Aly and AI Z = 0.54 Iy, c.g. at 0.24c, 
tail wheel off 


Normal load, tail wheel off 


Aly and AI Z — 0.34 Iy» c.g. at 0.24c, 
tail wheel off 


Aly and AI Z = 0.54Iy, c.g. at 0.24c, 
tail wheel off 


Aly and AIz “ 0.54ly, c.g. at 0.24TT, 
alternate tail wheel number 1 


Aly and AI Z = 0.54 Iy, c.g. at 0.24c, 
alternate tail wheel number 2 


Normal load, alternate tall wheel 
number 2 


Aly and AIz = 0.34 Iy* c.g. at 0.24c, 
alternate tail wheel number 1 


Aly and AIz “ 0.34 Iy, c.g. at 0.24c, 
alternate tail wheel number 1 


Aly and AI Z = 0-34 Iy , c.g. at 0.24c, 
alternate tall wheel number 1 2 


26 I Aly and AI Z - 0.34 Iy, c.g. at 0.24c, £ 1 


alternate tall wheel number 1 


Aly and AIz = 0 . 34 I Y > c.g. at 0.24c:, 
alternate tall wheel number 1 


Aly and AI Z = 0.34 Iy, c.g, at 0.24c, 
alternate tail wheel number 1 


Aly and AIz ~ 0*34 Iy# c.g. at 0.24c, 
alternate tall wheel number 1 2 


Aly and AIz = 0.34Iy, c.g. at 0.24c, 
alternate tail wheel number 1 2 


Aly and AIz = 0.34 Iy, c.g. at 0.24c, ^ 

alternate tail wheel number 1 


Aly and AIz “ Q.54Iy» c.g. at 0.24c, ^ 

alternate tail wheel number 1 4 


Aly and AIz = 0.34ly, c.g. at 0.24c, 
alternate tall wheel number 1 



14 

Aly and AIz “ 0.34Iy» c.g. at 0.24c, 
alternate tail wheel number 1 

14 

Aly and AIz = 0.34ly» c.g. at 0.24c, 
alternate tail wheel number 1, two anti- 
spin fillets (32" x 2" x 2") on tail 

13 

Aly and AIz = 0.34 Iy , c.g. at 0.24c, 
alternate tall wheel number 1 

16 


17 

Aly and AI Z = 0.34 Iy, c.g-. at 0.24c, 
alternate tail wheel number 1 

17 

Aly and AI Z = 0.34 Iy, c.g. at 0.24c, 
alternate tall wheel number l 1 , two 
anti -spin fillets (32" x 2" x 2") 
forward horizontal surface 

El 

Aly and AI Z = 0.34 Iy» c.g. at 0.24c, 
alternate tail wheel number 1 

El 

Aly and AI Z = 0.34 Iy > c.g. at 0.24c, 
alternate tall wheel number 1 « 


38 I Horizontal surface down 6 inches 


58 Horizontal surface down 16 Inches 


38 Horizontal surface up 20 inches 


38 Horizontal surface back 12 Inches 


20 Horizontal surface back 12 inches, 
50 fin forward 22 inches 


jq Tail lengthened 12 inches 


Horizontal 

surface 

down 

16 

Inches 

Horizontal 

surface 

down 

16 

inches 

Horizontal 

surface 

back 

12 

Inches 

Tall lengthened 12 

inches 


Tail lengthened 12 

Inches 


Horizontal 

surface 

down 

16 

inches 

Horizontal 

surface 

down 

16 

inches 

Horizontal 

surface 

down 

16 

inches 


43 I Horizontal surface up 20 inches 


Horizontal surface down 6 inches, and 
44 back 6 incnes, one anti-sDin fillet 
(48" x 2" x 2") 
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SPIN DATA OBTAINED WITH THE ^r-SCALE MODEL OP THE NAVAL AIRCRAFT FACTORY XOSN-I AIRPLANE - Concluded 

(unless otherwise Indicated, steady- spin data are for the rudder-with spina of the model in the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spina J 


Ef 

e 

feet of tail modifications on turns for recovery for aileron neutrai spins for an adverse loading 
ondition. (Aly and AIz = 0.17 IyJ c.g. at 0.25c). 

Tail 

type 

Modification 

Elevator 

Tail 

type 

Modification 

Elevator j 

D 

N 

D 

N 

kk 

On top of fuselage ahead of 
vertical surface one anti -spin 
fillet (20 n x 2" x 2") 

>k 


kb 

Aly and AIz - 0 . 3 ^ ly » c.g. at 
O.2J4.C, horizontal surface down 
6 inches back 6 inches 

>k 


kb 

Seaplane, normal load 

T“ 


k*> 

Horizontal surface down 6 inches 
back 6 inches 

2 


hk 

On bottom of fuselage, forward 
tail wheel 

>k 


kl 

Horizontal surface down 6 inches 
back 6 inches 

4 


kh 

Horizontal surface down l6 inches 

k 


k& 

Horizontal surface down 6 inches 
back 6 inches 

4 


hh 

Normal load 



k 9 

Horliontal surface down 6 inches 
back 6 inches 

2 


kb 

Normal load 

* 


k 9 

Horizontal surface down 1 $ inches 

i 


kb 

Normal load* horizontal surface 
down 6 inches, back 6 inches 

4 


50 

Horizontal surface down 6 inches 
back 6 inches 

4 


51 

Horizontal surface down 1 6 Inches 

4 


kb 

Horizontal surface down 6 inches, 
back 6 inches 

2 i 

2 




52 

Horizontal surface down l6 inches 

4 


kb 

Horizontal surface down 6 inches 

i 

— 


53 

Horizontal surface down 16 Inches 

2 


kb 

Horizontal surface down 16 inches 

i 




bk 

Normal load 



kb 

Horizontal surface down l6 inches 

i 



bk 

Seaplane, normal load 

1 
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Mass Data 


Seaplane Landplane 


Seaplane Landplane 


W, lb 



. 0.052 -0.081+ 

. 5,1+57 2,186 

. 6,551+ 5,777 

. 7,1+76 6,977 

. 12,000 12,000 

. 5 . 1 1 + 1+.6 

. 7*1+1+ 6.65 


5,556 U.790 

0.267 0.507 


*X * T Y . . -11+1+ x 10~ k -186 x 10-lj 


I X , slug-ft^ 
ly, 8lug-ft2 
lZ, slug-ft 2 


*Y ~ X Z . . -1+5 x 10 -65 x 10 | 


2 

mb 


Test altitude, ft 
|i (at sea level) 

|i (12,000 ft) . 


h ~ J X . . 187 X 10-1+ 249 X 10-! 


2 

mb 


Resume / of Model Test Results 


For the normal loading^ clean condition, the aileron-neutral, 
elevator -full -up spin of the seaplane model was of a wandering 
nature whioh prohibited testing. With the elevator set 10° up the 
wandering motion of the model became less pronounced and recovery 
by rapid full rudder reversal wa 3 satisfactory (l turn) . With the 
elevator either neutral or down recoveries by rapid full rudder 
reversal were slightly retarded although still satisfactory. 

Lowering the flaps either 15° or 30° with the stick laterally 
neutral had little effect on the recovery characteristics of the 
model . 

With the revised tail recoveries of the seaplane model from 
spins were slightly faster than from corresponding spins for the 
model with the original tail. Setting the ailerons against the 3pin 
with the flaps neutral or down (flaps disconnected from aileron) 
retarded recoveries slightly. 

For the landplane with the revised tail the recoveries were 
satisfactory when the elevator was full up or neutral independent 
of flap and aileron deflections. Satisfactory recoveries could 
be obtained for elevator -down spins only when the ailerons and flaps 
were with the spin. 

For the model representing either the seaplane or landplane 
extending the mass along the wings or along the fuselage or moving 
the center of gravity either forward or rearward (values given in the 
chart) had little effect on the recovery characteristics of the 


model. 
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SPIN DATA OBTAINED WITH THE ^-SCaLE MODEL OF THE STE ARMAN XOSS-1 AIRPLANE 

Hjnless otherwise Indicated, steady-spin data are for rudder-with spins of the model in the clean 

condition and recoveries were attempted by rapid full air-rudder reversal only from right erect splneT/ 



Seaplane, normal loading, 
aileron-neutral spins 

3°u 15°D 

30 °Tj|l 0 o u| Z 


Seaplane, effect of mass 
variations and c.g, 
movements on turns for 
recovery from aileron- 
neutral spins 




hi 

4 i 

40 

— 

hi 

— 

42 



2 u 

2U 

3U 

— 

2U 

— 

5u 


SEE 

0.58 

0 

-3- 

d 

0.1*2 

— 

0 . 1+5 

— 

0.44 


s 

136 

132 

130 

— 

130 

— 

128 


Elevator 
A Iy and A T. r 7 
l 0-15 Iv 2 

A Iv and A 1 7 

' °-? 0I X 


c.g. moved 
back 0 , 05 c 


Bomber loading! 


f i f Ai!? 


M f,i 


recovery 




Seaplane revised tail. 
Effect, of mass vari- 
ations and c.g, move- 
ment. on turns for 
recovery for aileron 
neutral spins 


Flaps 

Elevator 


RT, 5°U 
LT. 5°U 


A Iy and AXz = O.301J 


AI y and AI Z = 0.50^ 



Landplane, revised tall 
Effect of mass vari- 
ations and c.g, move- 
With ments on turns for 

2k 8°tt m A°n recovery for aileron 
*d|..o.u, 15»o D I neutral spins i 


Ble vator 

NH 

u 

N 

alSIBBD 

D 

b 

P 

HI 

BBB 


Qg| 

48 

46 

30 

0 

4i' 

a 

45 

IB 1 

43 

B 

l+o 

9 

31 

■B 

0, deg 

Q 

4u 

6u 

6u 

S3 

3U 

XU 

2U 

IB: 

2U 

B 

au 

9E9HK9I 

H, ros 

1 

hi 

0 . 1+5 

0.35 


0.53 

SB 

0.1*6 

IBi 

0.46 


0 . 1+6 

B 

0.50 

BEES! 

V, fps 

1 

24 

117 

122 

EBBS 

150 

IB 

119 

IBI 

119 

9 

119 : 

B 

141 

BB 



AI X and AI Z = 
0 . 50 I X 


i 

4 

4 

■I 

i 

1 + 



Turns 

for 

re c 0 ve ry 


Wandering Spin. NATIONAL ADVISORY 

Water rudder neutral. COMMITTEE FOR AERONAUTICS 

Water rudder against. 

Water rudder off. 

Visual observation. 

Before recovery attempted model wandered. 


®Wing tip floats removed. 

Vertical velocity too high to test. 
Recovery attempted by simultaneous 
reversal of rudder and elevator. 
JTall wheel on. 

“Steep spin. 
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Comparison of original and revised vertical tails 
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-4-SCALE MODELS OF THE CHANCE-VOUGHT X0S2U-1 SEAPLANE AND LANDPLANE 



NATIONAL ADVISORY 

Dimensional Data COMMITTEE FOR AERONAUT l( 


(Full Scale) 


(Values are the same for both landplane and seaplane 
except where indicated) 


bf ft 3 6.00 

L, ft 

Seaplane ........ 35 *83 

Landplane ........ 30*08 

in . .......... 89 . 50 

sq ft .... .... 262.00 

............. 4*^4 

E. c aft L.E. 0 |» , in. ... 0 

S^i sq ft .........3 ^*9^ 

S e » sq ft ( inc . bal.) ... 16 ♦ 


Sy, sq ft 21.45 

Sp, sq ft (inc. bal.) . . . 11.45 
6p , deg *..»«.. 25 Hf 25 L 
6 e , deg 30 U, 20 D 


TDPF . I ^ an4 P^ an0 
^Seaplane 

Landing gear 

Seaplane . . . . 

Landplane . . . 


469 x 10"^ 
4 80 x 10~ 6 


. . Float 
. . Fixed 
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Mas 8 Data 
Normal Loading 


( Seaplane) 


W, lb 

« « 

. • . U752 

T x - % 

# • ♦ — lij.8 

x 10"k 

Wj 

« • 

. . . 0.261 

• • • - 2 - • • 

© 9 

9 * » 0 *066 

mb 2 



l x , slug-ft^ . . 

l y, SlUg-ft 2 . . 

I 2 » slug-ft 2 . . 

» * 

• « 

» e 

. . . 2815 

. . • 5$53 
. . . 7208 

*Y - h 
mb 2 

h " ix 

... -82 

x 10’^ 
1 . 

Test altitude, ft 

e e 

. . .12,000 

. . . 230 

x 10 ^ 

p. (at sea level) 

* * 

... 6.58 

mb 2 



p» (12,000 ft) . 

» « 

• » • 9.52 





( Landplane) 


W, lb . . . . 




* e * * ® * ® 0*276' 

z/o . . . . . 


Iy, SlUg-ft^ 


Iy, SlUg-ft 2 

5080 

I z , slug— ft 2 

....... 8597 


Test altitude, ft 
|i (at sea level) 
H» (12,000 ft) . 


. 12,000 
• • 6.I4.6 

. . 9.35 



-1 65 X 10"^ 

-81 x 10“^ 

2I4I4 x lO - ^ 
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Resumed of Model Test Results 


In the clean condition and normal loading* the seaplane 
model spun steeply with the elevator up* neutral* or down. 
Recoveries were satisfactory ty rapid full rudder reversal. 
Extending mass along the wings (AI X and AI Z = 0.30 I x ), 
extending or retracting mass along the fuselage (Aly and 
AI Z = 10.16 Iy), or moving the center of gravity forward or 
back ±0.05c from its normal location did not appreciably alter 
the recovery characteristics of the model and recoveries were 
still generally satisfactory. 

The landplane model spun at a flatter attitude than the 
seaplane model and recoveries obtained were slower than those 
obtained with the seaplane model. 

In order to improve recoveries from elevator-down spins of 
the landplane model* additional area (approximately 2 square 
feet full scale) was added below the horizontal tail surfaces 
to simulate possible fairing aft of the tail wheel. This addi- 
tional area was quite effective and enabled recoveries to be 
obtained in 2 turns. (Data not presented) 

With the seaplane model, brief tests were conducted with 
a pro-spin fin attached to the inner wing tip (see sketch) in 
order to obtain more extensive data for the elevator— up spins. 
Satisfactory recoveries by simultaneous rapid full reversal of 
rudder and elevator were obtained with the pro-spin fin attached 
to the model indicating that the recoveries from the elevator— up 
spins without the pro-spin fin installed would have been defi- 
nitely satisfactory* inasmuch as the pro-spin fin attached to 
the inner wing tip promotes an increment of yawing moment tending 
to keep the model in the spin. 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 



K 75 " 
■e.75"- 



NACA RM No. L7E15 


SPIN DATA OBTAINED WITH THE ---SCALE MODEL OP THE CHANCE-VOUGHT X0S2U-1 AIRPLANE 

16 

[unless otherwise Indicated, steady-spin data are for rudder-wi th, aileron-neutral spins of the model in the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spins.j 



Se apian®, 
normal 
loading 

Seaplane, 
normal loading 
with pro -3pin 
fin attached 

Seaplane, effect of mass vari- 
ations and c.g. movements on 
turns for recovery for ele- 
vator down conditions 

Seaplane 
spin fin 
c.g. move 
0.( 

rith pro- 
attached, 
id forward 
251 

Elevator 

I 

m 

H 

H 

|jj| 

D 

Alx end Alg =.O.l5 Ix 

|A_ 

Elevator 

D 

D 

D 

a, deg 

B 

m 


EB 

wm 

EB 


EH 

a, deg 

E3 

Eg 

0 

0, deg 

B 

B3 


ca 

m 

KB 

■ 

H 


IS 

m 

m 

ft, rps 

B 

as 

350 


am 

H00 

V, fps 


Bjj 


ESI 

ess 



a 


1BI 



Turns 

for 

recovery 

1 

\ 

jg 

HLzh H|W 

e 

B 

1 

c.g. moved forward 0.05c 

i 

■ 


m 

m 

Turns 

for 

recovery 

— — 

0 2 

- 

1 

c.g. moved back 0.05c 1 

3 

4 

Bombing loading, 
(AIy and AI 7 . ~ 0.14 Iy) 

1 


Seaplane with pro-spin fin 
attached. Effect of mass 
variations and c.g. move- 
ments on turns for recovery 
for elevator-up condition 

AI X and AI Z = 0.15 I x 

h©i 

AI X and AI Z = D.30I X 

-if 

AIy and AI Z — 0.1 6 Iy 

be 2 

bo 2 | 

Al y and AI Z = -0.16 I y 

hei2 

4 

k®i 




Landplane, normal loading 


Landplane, 

rudder 

neutral spins 


Landplane , c.g. __ 
moved forward 0.05c 


Landplane, effect of mass variations and c.g. 
movements on turns for recovery. 


Elevator 


u 20° d| 15 ° trl 
( i ) m 1 1 


15°TJ' 


I5°u 


15 u 


la, deg 


52 


54 


55 


37 


U9 


52 


53 


W, deg 


ITT 


2D 


ID 


AI X and AI Z = 0.20 I x 


J 2 i 

*2 


% 


pi rps 


0.39 


0 . 14-3 


|o.45 


0*14.6 


0.I4.I 


0.45 


0.47 


v, fps 


139 


132 


130 


144 


141 


134 


152 


A I x and AI Z = 0»40 I x 




Turns 

for 

recovery 




ej 1 


AI V and AL, 


0.20 I v 


e A 


AI y and AI Z ' = -0.20 1^. 


c.g* moved back 0.05c 


Bomber loading 
(AIy and AI 7 = 0.19 Iy) 


^Wandering spin with high vertical velocity. 

“Wandering spin. 

^Recovery attempted by rapid full-rudder reversal; water rudder 25° with spin. 

“Recovery attempted by rapid full-rudder reversal; water rudder 25° against spin, high vertical velocity. 
e Recovery attempted by simultaneous reversal of rudder and elevator. 

^Before recovery was attempted the spin was steep and wandering. 

^Recovery was attempted from a spin of high vertical velocity. 

“Before recovery was attempted the spin was wandering and oscillatory. 

^Oscillatory spin. 

'’visual observation* 
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^■r—SCALE MODEL OF THE CURTISS XS03C-1 LANDPLANE AND SEAPLANE 



Dimensional Data 

NATIONAL ADVISORY 
(Full Scale) COMMITTEE FOR AERONAUTI 


(Values are the same for both landplane and seaplane 
except where indicated) 


b, ft 38.00 

L, ft 

Seaplane 36.33 

Landplane 34.24 

, in 97.40 

, sq ft ........ 290.00 

. ._ 4.98 

.E. c aft L.E. c r , in . . 1.00 

Sjj> sq ft 61.00 

S e , sq ft (inc. bal.) . . .28.50 

S v , sq ft 27.30 


S r , sq ft (inc. bal.) . . . 13.80 


6 r > deg 


&e> <*eg 


5a> deg 


Seaplane . . . 


Landplane . . . 


8f, deg 


TDPF 

Seaplane . . . 


Landplane . . . 


Landing gear 

Seaplane . . . 


Landplane . . . 

wing pontoi 
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Mass Data 


W, lb 
x/c . 


z/c 

lx, slug-ft 2 
Iy> slug-ft 2 
IZ, slug-ft 2 
Test altitude, 

U (at sea level) 
p’(6,000 ft) . 


ft 


Normal Loading 
(Seaplane) 


» 0 ft • • 


* e ft 


. 5403 

. 0.234 
. 0.089 
. 3855 
. 9500 

11,800 
. 6000 
6.40 
7.66 


T X ~ I I 
mb 2 

*Y ~ T Z 
mb 2 

I Z 1*1 

mb 2 


-233 x 10“4 
-95 x 10-4 
328 x 10-4 


(Landplane) 


W, lb ..... . 
x/c 

A/ U ft ft « 9 ft 9 « 

z/c . 

lx* slug-ft 2 . . 
Iy, slug-ft 2 . . 
Iz> slug-ft 2 . . 
Test altitude, ft 
4 (at sea level). 
4* (6, 000 ft). . . 


. 5276 

. 0.257 
. 0.051 
. 2958 

. 8739 
10,715 
. 6000 
. 6.25 
. 7.49 


*X ~ % 
mb 2 

Sl: 

mb 2 

5 - % 

mb 2 


-244 x 10"4 


-83 x 10-4 


327 x 10”4 
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Besume of Model Test Besults 

For the landplane model in the clean condition, normal loading, 
the normal control configuration for spinning or small deviations 
from this control position the recovery characteristics of the model 
were satisfactory by rapid full rudder reversal. 

Extending mass along the wings (A£ x and AE Z » 0.30 1%^ or 

moving the center of gravity forward or back 0,05c frcm its normal 
location did not appreciably alter the recovery characteristics of 
the model. Extending mass along the fuselage (Aly and = 0.30 ly) 

retarded recoveries particularly for the elevator neutral and down 
spins. 

For the normal loading condition dropping the ailerons 15° did 
not appreciably affect recoveries of the model; however, drooping the 
ailerons 15° while deflecting the flaps 50° (and open cockpit) led 
to spins frcm which recoveries could not be obtained when the 
ailerons were set full against the spin. The recovery characteristics 
of the model were very satisfactory with the slots open for all 
control configurations except the aileron-against, elevator-neutral 
or elevator-down settings. 

With the ventral fin (modification 1) installed on the model, 

... • _ A _ a » • s a e 1 . -a ^ _ <1 » a . 1 . S 
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SPIN DATA OBTAINED WITH THE j^-SCALE MODELS OF THE CURTISS XSOJC-l LANDPLANE AND SEAPLANE 

[Unless otherwise indicated, steady-3pin data are for rudder-with spins of the model in the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spins} 



Turns for 
recovery 


Landplane, et 
changes and 
turns for re 
aileron-agai 


Elevator 




rm Landplane , -flaps down 50 ° * cockpits Landplane, slots open, normal Landplane, 

ent8 covered, ailerons drooped 15°, normal loading modification 1, 


covery for 
nst spins 


loading 


Ailerons Against Neutral I With 


Elevator 



normal loading 


Against Neutral With Against I Neutral 


ggBraiimHBHEE«PBEBBBPnaB BB 




Seaplane, 

normal loading 

Against 

Neutral 

With ' 


Seaplane, normal loading; only main float attach 


With 


Against 


Full 


Seaplane, effect of mass changes 
and c.g. movements on turns 
for recovery; only main float 
attached 


■HSSTSl^B CiTTBI i? r-i» WJ V ■_ 

■nnn 



■EBBIBfBEiiBBBBEilBSBIBElBEBliBBBBBB^^SBEISBl 


Turns 

for 

recovery 


Ailerons 
Elevator 
a, deg 


for 

recovery 



% I 6 


* * 


aplane, landing 
tion; only main float 
attached, normal loading 

Against Neutral With 

u I n Id u | n I d uTn I i 


N N N N N N 
o jo o o o o 


Seaplane, gross weight increased 
20 percent; only main float 


Against 

U 

(b) 

N D 


56 52 

_ 

?U 8u 

- 

0.39 0.40 

- 

138 134 

- 

’■ 


N 

Lai 

10°D 

20°D 


52 

34 



2U 

- 

0.42 

0.44 

___ 

155 

163 

- 

.... 

4 


N 

ill 

fa) 



• 

• 

- 

- 



- 

- 


Velocity too high to test. 

^Large radius of spin, too oscillatory to test. 
c Model capable of two types of spin, other type 
has velocity too high to test. 
d No spin. NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 


Modification / 
(Areas full scale) 
2.2 sq. ft 



/■ 
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--SCALE MODEL OF THE CHANCE-VOUGBT XS02U-1 LANDPLANE AND SEAPLANE 




Dimensional Data 

1 ' — NATIONAL ADVISORY 

(Full Seale) COMMITTEE FOR AERONAUTICS 


(Dimensions are the same for both land pi an® and seaplane except 
where noted.) 


b, ft 38.19 

L, ft 

Landp lane . 34*16 

Seaplane 36*05 

o’, in. .......... 97* 60 

S, sq ft 299*80 

A 4.85 

L.E. o’ aft L.E. e r , in. . . 4*30 

S h , sq ft 59*46 

S^ , sq ft ......... 22.82 

Sy f sq ft ......... 25®70 


Sj. $ sq ft . . . • 
6 r , deg 

®e» de 6 

6 a » de 6 

6 a » de S (drooped) 
deg • ... » 

6 g (differential 
spoilers), deg 

TDPF ...... 

Landing gear 
Landp lane . . . 
Seaplane . . . 


. . 13.80 
25 R, 25 L 
30 U, 20 D 
30 U. 20 D 
* * 35 D 

, . . 50 D 

50 u. 39 

880 x 10~ 6 

. . Fixed 
Pontoons 
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Mass Data 


Normal Loading 

Land plane Seaplane Landplane Seaplane 


w, lb 

• 5099 

533 6 

Iy“ ly 

-it 

-224 x 10 * 

x/c ....... 

. 0 . 21+1 

0.251 

A 

-241 x 10 4 

t/c ....... 

. 0.028 

0.065 

mb 2 



Ij, 8 lug- ft*" . . 

. 2586 

3kl2 

Iy Iz 

-A 

-97 x 10 ' 

Iy, slug-ft^ . . 

. 8160 

8815 


-86 x 10 4 

IZ» 8 lug- ft 2 . . 

10,150 

11.170 

mb 



Test altitude, ft, 
(i (at sea level). 

12,000 
. 5.82 

12,000 

6.10 

Iy Ij 

p — • • 

mb* 

. 527 X lo“ U 

321 X 10' 

(i» (12,000 ft) . 

. 8.142 

8.82 




Resume' of Model Test Results 


For the clean condition, normal loading, normal control 
configuration for spinning, the landplane model wandered 
continuously and descended at a rate too high to test (data not 
presented) . The addition of a pro-spin fin to the inner wing tip 
of the model made it possible to obtain a slow steady spin, and 
a satisfactory recovery was obtained for the normal control 
setting- for spinning indicating that recovery for this spin with- 
out the pro-spin fin attached to the model would probably be 
satisfactory. Deflecting the elevator partly or full down 
produced unsatisfactory recoveries. Test results indicated that 
setting the ailerons full against the rotation had no appreciable 
effect on the recovery characteristics, whereas setting the 
ailerons with the rotation steepened the spins of the model. 

Extending mass along the wings (Mj and AI Z = 0.30 I x ), 
extending or retracting mass along the fuselage (Aly and 
AI Z = ±0.20 Iy ) , or moving the center of gravity forward or 
back 0.04c from its normal position had little effect upon the 
recovery characteristics of the landplane model. 

Test results (not presented) indicated that the addition of 
a large ventral fin (modification 3 ) to the model was more effective 
in improving the recovery characteristics than the addition of area 
to the fin and rudder (modifications 1 and 2 ) . 

Tests of the seaplane model in the normal loading configuration 
were conducted with the pro-spin fin attached to the model. A 
comparison of results of the seaplane and landplane tests (with 
pro-spin fin attached) indicated that the recovery characteristics 
of the seaplane are scmewhat better than the recovery character- 
istics of the landplane. NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 
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a, deg 


0 , 


I A, rps 
V, fps 


ID 

bi 

PPM PPM 

■BBS! 

0.39 

0.30 

Iko 

Ikz 

Oo 

Co 


— 0.45 „ 

Rendering spin. 

-- llj-6 ^Vertical velocity too high to test. 

c Pro-spin fin attached for seaplane tests. 

^Steep spin. 
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Pro-spin fin installed on n/ing tip of 
XS02U-I model. (Dimensions mode/ scale) 
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_L -SCALE MODEL OF THE CURTISS-WRIGHT XSC-l IAWDPIAKE ABD SEAPLANE 
16 



NATIONAL ADVISOR' 
(Full Scale ) COMMITTEE FOR AER0NAU1 

(Dimensions are the same for land plane and seaplane 
except where noted) 


b, ft 

• • • 

• 

41.00 

L, ft 




Landplane «... 

• • • 

• 

31.21 

Seaplane • . • . 

• • 0 

• 

36.38 


• • • 


81.61 


9 9 9 

• 

281.57 


0 0 0 

« 

5.97 

L» #E ® c ©.ft L •!£ • 

in « 

• 

1.02 

Sq ft 9 e e e m 

• • « 

• 

51.95 

j sq • • • • • 

• 00 

« 

22.95 

S"V $ sq ft • » a e • 

0 0 0 

e 

30.93 


S p* 

sq ft . . . . . 


5 r# 

deg ...... 

• « • 30 S i 30 L 

&e» 

deg 

... 30 U, 20 D 

&a» 

deg 

... 23 U, 17 D 

$f. 

dsg • ••••• 



TDPF 

Landplane •*»»»•« 278 x 10""® 

Seaplane 291 x 10“® 

Landing gear 

Landplane . Fixed 

Seaplane Single float 
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Mass Data 
Normal Loading 
(Land plane) 


w, lb 

. 7350 

*X " J Y . . , . 

... -84 x 

*£ 

s/e . . . .„ 

. 0.231 
. 0.091 

nib 2 

I X , slug-ftj ...... 

. 4767 

Iy " lo 


Iy, SlUg-ffc 4 

. 8007 

I 6 

• • • *99 3C 

I z , slug-ft 2 

11,729 

nib 2 


Test altitude, ft ... . 

18,000 

H - % 

r\ 


(at sea level) .... 

. 8.33 

» e • 183 X 

H» (18,000 ft) . .... 

• 14.55 

mb 2 



(Seaplane) 

Loadings 

Normal Plight 


NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 


Normal Flight 


W, lb 



z/c •«*»««• 

I X , slug-ft 2 . . 

I Y , slug-ft 2 • . 
I z , slug-ft 2 • • 
Test altitude, ft 
M (at sea level) 

(18,000 ft) . 


7625 

8674 

, 0.213 

0.180 

. 0.148 

0.210 

6739 

7740 

9206 

10,917 

12,945 

14,557 

18,000 

18,000 

8.64 

9.81 

i 15.00 

17.22 


h- % 

mb 2 

h-h 

mb 2 

Iz ■ 

mb 2 


-62 x 10“ 4 
-94 x 10” 4 
156 x 10* 4 


-70 x 10" 4 

-80 X 10“ 4 

150 x 10"* 4 
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Bestnae of Model Test Besults 

For the seaplane model in the normal loading, clean condition, 
with the wing slots closed, the model recovered in one and one-half 
turns or less from all elevatoiMip and elevator-neutral spins by 
rapid full reversal of both the air and water rudders. Bee o very by 
rapid full reversal of the air rudder alone was slightly slower. 

Extending the mass along the wings (AEj and £E Z » 0,20 Ij) 
or along the fuselage and AE Z — 0,20 xio appreciable 

effect on the recovery characteristics of the model. 

With the center of gravity moved rearward 0.10c, recoveries 
from elevator-down spins were retarded whereas there was no apparent 
effect on the recoveries from elevatorwip or elevator-neutral spins. 

In the la n di ng condition (slots open, flaps 50° down), recoveries 
by reversal of the air and water rudders were generally unsatisfactory, 

For the normal loading condition with the wing slots open, 
recoveries were generally satisfactory. Occasionally, a flat-type 
spin from which recovery was unsatisfactory would be obtained when 
the elevator was down and the ailerons neutral. With the slot on 
the outboard wing fully opened and the slot on the inboard wing 
closed, recovery by reversal of the air and water rudders was unsatis- 
factory from all control settings. With the slot positions reversed, 
the model would not spin for any control settings. 

For the flight loading condition with the slots open, the 
seaplane model recovered satisfactorily when the elevator was up and 
the ailerons neutral. With the elevators full down, two types of 
spin were obtained, Recovery from the flat— type spin was unsatis- 
factory whereas recovery frem the steeper spin was marginal. The 
slots had little effect if both slots were open symmetrically. If 
the slot on the outboard wing were opened more than the slots on the 
inboard wing, recoveries were retarded. 

The addition of a dorsal fin and keel strip (modification 1) 
had little effect on the recovery characteristics of the model. 

The addition of a ventral fin and rudder extension (modifi- 
cation 2) prevented the flat type elevator-down spin, and recovery 
from the spin obtained was satisfactory. The addition of a larger 
ventral fin and rudder extension (modification 3) was slightly more 
effective, however, recoveries were unsatisfactory with the outboard 
slot opened more than the inboard slot, NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 
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The recovery characteristics of the seaplane model were satis- 
factory for all. inverted spins for the normal loading, clean 
condition. 

The landplane model exhibited poorer spinning characteristics 
than the seaplane model. In general, the recovery characteristics of 
the landplane model were marginal. When the elevator was neutral 
or down on the landplane model, aileron-against settings retarded 
recoveries and when the elevator was full up, aileron-with settings 
retarded recoveries; whereas, cm the seaplane model, aileron setting 
had had little effect. 

Test results obtained for the landplane model indicated that the 
effect of slots and flaps were qualitatively the same as those for 
the seaplane. For the landing condition (slots open, flaps 50° down) , 
the recovery characteristics were unsatisfactory. The addition of a 
ventral fin and rudder extension (modification k) to the model enabled 
satisfactory recoveries to he obtained fraa all spins for the landing 
condition (tote not presorted). NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 
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SPIN DATA OBTAINED WITH THE ^-SCALE MODEL OF THE CUHTISS-WHIGHT XSC-1 SEAPLANE AND LANDPLANE 

(unless otherwise indicated, ateady-spin data are for rudder-with spins of the model in the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spinsj 



Seaplane , normal loading 


Against Neutral 


Seaplane, normal loading water rudder 
free; recoveries attempted by rapid 
reversal of air rudder only 


Seaplane 

AI)£ and Alg — 0,20 1^, 



c.g. 

Seaplane , 
moved back 0 . 

10 c, 

Seaplane, 

landing condition, 
normal loading 

Against 

Neutral 

With 

Against 

Neutral 

With 


58 33 f 7 56 58 

55 h9 Ii5 



o.i|i o.Wj. 0.29 o,55 jo. 95 jo - 1+2 |o. I4.8 | o . |o.lj.8 |o. i+sj 0 . U 5 0.50 


loEl mmm IIinmI BmuI wmm mtim wmM maim lull liiH |fiH Hm IdBil MM KUmh Mil I 

I — 


Ailerons I Against 


levator 



Seaplane, slots on left wing full Seaplane, slots on left wing completely 
open, slots on right wing com- closed, slot3 on right wing full open, 
pletely closed, normal loading normal loading 


With I Against Neutral 



Turns x 1 r 

for 4 

recovery 3 


a 0 scillatory spin; where range of 
^Visual observation. 
c Two types of spin. 


NATIONAL ADVISORY 

values is not given, average value 13 presented. COMMITTEE FOft AERONAUTICS 
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SPIN DATA OBTAINED WITH THE yg-SCALE MODEL OP THE CURTISS-WRIGHT XSC-1 LANDPLANE AND SEAPLANE - Continued 

[Unless otherwise Indicated, sfceady-spln data are for rudder-wlth spins of model in the clean 
condition and recoveries were attempted from right erect spina] 


Flight loading, 
ailerons neutral 


Flight loading, modification 1, ailerons neutral 


I Slots 

__ Lt. 
Elevator 
a, deg 


Open ~ open ~ open £ open I open I open I Closed 
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SPIN DATA OBTAINED WITH THE ^-SCALE MODEL OF THE CURTISS-WRIGHT XSC-1 SEAPLANE AND LANDPLANE - Concluded 

[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spins} 


Landplane, normal loading, left spina 


Landplane, landing condition, normal loading. 


Against 


Ailerons 


|20 u U 

i £i 


[20° u| 


With 


20° U 


Full 


Against 


N 

JjJL 


D 

l£l 


u 

lal 


a, deg 


2k 


64 


6k 


56 


2k 


55 


58 


26 


36 


52 


46 


59 


68 


68 


54 


60 


58 


49 


6o 


0, deg 


2U 


2U 


3D 


8D 


13d 


4d 


3d 


5D 


12D 


6 d 


5D 


a. 


ID 

2?D 


13D 


8D 


0.47 


0.54 


0.55 


0.46 


0.50 


0.48 


o.49 


o.44 


0.43 


0.75: 


0.52 


0.43 


0.52 


0.53 


0.42 


fps 


250 


147 


157 


176 


2 Si 


0.48 


0.48 


0.47 


0.47 


0.45 


257 


162 


162 


257 


234 


171 


290 


176 


157 


146 


142 


157 


146 


151 


171 


157 


146 


Turns 

for 

recovery 


e i 




® 2r 


A 


Qo 


H 


Landplane, slots open, normal loading 


Landplane, slots on left wing, 
full open, slots on right wing 

completely closed, normal 
loading 


LandpLane, slots on left 
wing completely closed, 
slots on right wing full 
open, normal loading 


Against 


Against 


(a) 


(a) 


Neutral 


With 


Against 


a f de S 


I0_ 


_5L 


-Ik- 


41 


XL 


Jfi. 


J &. 


J±3_ 


JlL 


JL 


jo_ 


0* deg 


JX 


ID 


6d 


4d 


JlL 


5d 


9D 


10D 


7D 


2D 


3D 


6 d 


il, rps 


0.50 


0.53 


O.56 


0.49 


D.55 


0.57 


0.49 


0.56 


0.59 


0.57 


0.52 


0.58; 


0.50 


V, fps 


171 


157 


157 


187 


167 


157 


197 


167 


157 


151 


JXL 


i44l 


158I 


Turns 

for 

recovery 


V 1 


* 


5 c 




Landplane , 
loading 

inverted 

spins 

, normal 

pi 1 1 1 

Landplane, 
modification 4# 

normal loading 

Ailerons 

Against 

Neutral 

With 

Against 

Neutral 

Elevator 

U 

N 

D 

U 

N 

D 

U 

N 

D 

U 

D 

U 

D 

a, deg 



N 

40 

40 

38 

47 

49 

45 

47 

57 

45 

— 

0 , deg 

N 

N 

ID 1 

ID 

ID 

2D 

2D 

2D 

6d 

ID 

9D 

— 

i2, rps 




0.46 

0.51 

0.56 

0.46 

3.55 

O.55 

0.36 

0.43 

0.44 



V, fps 

s 

8 

s 

202 

202 

202 

197 

182 

176 

1 66 

1 66 

177 

--- 

Turns 

for 

recovery 

P 

i 

n 

P 

i 

n 

P 

i 

n 

1 

2 

1 

2 

1 . 

1 

1 

l 

* 

2 

i 

* 

--- 


a 0scllletory spin; where range of values Is not 
fiven average value is presented. 
c Two types of spin. 

^After recovery, model made a short glide and 
entered a spin in the opposite direction. 

^Recovery attempted by reversing the rudder from 
30° with to 20° against the spin. 

^-Steeper spin also obtainable. 

^Upon recovery, model enters right inverted spin. 

NATIONAL ADVISORY 
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Modification /- Large dorsal fin and keel strip 

2 - Large dorsal fin , keel strip and ventral fin 

with rudder extension No /. 

3 - Large dorsal fin , Keel strip and ventral fin 

with rudder extension No L 


Original dorsal fin- 
Large dorsal fin 



Areas (Pull scale) 
a = 1.87 sg. ft 
b = 2.09 sg. ft. 
a+c =4.62 sq.ft, 
b+d = 3.62 sq.ft. 


Nee/ strip 


Ventral rtn and rudder extension 
(Dimensions full scal$ 
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—-SCALE MODEL OF THE BELLANCA XSE-1 AIRPLANE 
16 


Dimensional Data 



(Full 

Scale) 

b, ft . . 


U9.75 

L, f t . . 


28.80 

<T, in. . 


«•«»«« 6 o • 00 

S, sq ft 


356.00 

A « • • « 


8.35 

Sh> sq ft 


U9.1+0 

S e , sq ft 


21.20 

&V-, sq ft 


21+.55 

S r , sq ft 


13.30 

6 r , deg . 


... 30 R, 30 L 

6 e* deg . 


... 30 U, 30 D 

6 a» deg . 


... 25 U, 25 D 

TDPF . . 


.... 18 x 10" 6 


Landing gear Fixed 



Comparison of cabin fuse/age and open cockpit 
fuselage as tested on the XSt~ / airp/ane 




Normal Loading 


W, lb 

. . . . 6320 

x/c~ see 

. . . . 0.350 


. . . -0.075 

I x , slug-ft^ . . . 

.... 7270 

IyA « e * 

.... 7108 

Ig, slug-ft^ . . . 

. . . 11,830 

Test altitude, ft . 

» « e e 6000 

ji (at sea level) 

• • « • 1-^e 66 

u’ (6000 ft) ... 

* • « e 5*58 


mb 

fr - 

mb 2 

*z - iz 

mb 2 


3 x 10 


-h 


-97 x 10 


- 1 + 


« « • « . 9U x 10 


rh 
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Resume'of Model Test Results 


In the normal loading, the spin was violently oscillatory and 
irregular and, accordingly, tests were made with the loading 
modified somewhat to permit testing in the tunnel. Mass was 
retracted along the wing (Aly and AE^ = -0.20 Iy) and extended 

along the fuselage (Aly and Alg = 0.20 Iy) . The spin although 

fairly steep was still oscillatory when the elevator was full up. 
With the elevator only 10° up, neutral, or down, the spin was fairly 
steady and recovery was satisfactory "by rapid full rudder reversal. 


Various combinations of mass changes were tested for the 
elevator -down, aileron-neutral spin and, in general, indicated 

little effect. NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 
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SPIN data obtained with THE - scale model of the bellanca xse«i airplane 

16 

/Unless otherwise indicated, steady- spin data are for rudder** with spins of the model in the 
clean condition and recoveries were attempted by rapid full rudder reversal from right erect 
spin aj 
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"V -SCALE MODEL OF THE NORTH AMERICAN BT-9 
16 


Dimensional Data 
(Full Scale) 


by ft • * « • 9 

ft • • • • • 

<T, in. . * * * 

S, sq ft * « * 

A * 

L*E* o aft 1 »*E* 
S $ s q ft * * * 

S ei sq ft * . * 

S y , sq ft • • • 

S r , sq ft * . . 

6 r y de g • « • * 

6 0 £ deg * • » ® 

6 a* de S • • • • 

6 jpy de g • * » e 

TDPF . a * a a 

landing gear 


*©**«» 1+2 ♦ 00 
• ••••* 28 • 00 
*9*9*9 75 * 19 

9 9 , 9 ® 2U8.30 

9 . 999 * 7*10 

c j* # in* * « lij.«61 

1 + 0*20 

*••*»• 20 ®3D 

* ••••• l^ * 03 
****** 13*57 

* * . 30 R, 30 L 

** * 30 U, 20 D 

* 30*5 U, 16*5 D 

*..*.* 60 D 

. . . 2I4I4- x 10~ 6 

Fixed 



Mass Data 


Model as tested. 


W, lb 

*/cT 

z/~ . . . . . . . 
I-^, slug- ft^ . . 

Iy, Slug-ft^ . . 
I 2» slug- ft . . 
Test altitude, ft 
H (at sea level) 

H* (7000 ft) . . 


Normal Loading 


U296 

0,2+8 

0.109 

2621 

3715 

5613 

7000 

5.38 

6.65 



Iy - 



mb 
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. . . . . -81 x lcf^ 
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Re / sume / of Model Test Results 


For the normal loading, deem condition, recoveries of the 
model were satisfactory for all control configurations "by either 
rapid full rudder reversal or by simultaneous reversal of rudder 
and elevator . 

Extending the mass along the wings (Aly and Alg = 0-20 I x 
and O.kO I x ) or retracting the mass along the fuselage (Aly and 
Alg = -0.10 Iy) had little effect on the recovery characteristics 
of the model. 

With the mass extended along the fuselage (Aly and AI^ = 0.40 Iy) 

pmri with the center of gravity moved hack 0.03c from its normal 
position satisfactory recoveries could not he obtained by either 
rapid full rudder reversal or by simultaneous reversal of the elevator 
nrrfl rudder if the ailerons were set against the spin or if the 
ailerons were neutral with the elevator neutral or down. When 
the ailerons were set with the spin the model spun with a high rate 
of descent. 


The addition of a modified rudder (see sketch) had a slight 
beneficial effect on the recovery characteristics of the model but 
was not entirely satisfactory. 


Results, not presented, indicated that the most satisfactory 
location for additional vertical area for the improvement of the 
recovery characteristics of the model was in the vicinity of the 
tail wheel. Area added at the intersection of the fuselage and the 
leading edge of the vertical tail had a detrimental effect on the 
recovery characteristics of the model. NATIONAL ADVISORY 

' COMMITTEE FOR AERONAUTICS 
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SPIN DATA OBTAINED WITH THE ^ 5 “SCALE MODEL OF THE NORTH AMERICAN BT-9 AIRPLANE 

(jjnless otherwise indicated steady-spin data are for rudder-with spins of the model in the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spins] 



Normal loading 

Effect of mass variation and c.g. 
movements on turns for recovery 

Ai le rons 

Neut 

ral 

Ai lerons 

Against 


Neutral 

With 

Elevator 

N 

D 

Full 

ESS 



Full 

AI X and Al z - 0 . 20 l x 

No spin 



AI x and AI 7 =‘ 0 . 40 I x 

No spin 


IT 

N 

D 

N 

D 




D 

N 

0>) 

D 

(0) 


B 

AI Y and AI Z = 0.20 Iy 

B 

B 


El 

E3 

a, deg 

N 

0 

s 

P 

1 
n 

| 

mm 

m 

- 

■n 

m 

m 

El 

E9 

- 

El 

- 

AI y and AI Z = - 0 . 10 l y 
c.g. moved forward 0.07c 

No spin 

0 * deg 

[9 

ESS 

- 

n i 

m 

BB1 

E53 

m 

- 


- 


- 

3*56 

- 

w 



sm 


- 

Q.62 

- 

Aly and Alg — — O.lOIy 
c.g. moved forward O.Oi+c 

- 


QE9 

Hil 

331 

- 

m 

EE9 

EH 

ESI 

BEI 

- 

El 

- 

c.g. moved back 0.03‘c 

11 

B 

Turns 

for 

recovery 

2 

k 

1 

H 


1 

1 


i 

B 


B 

c.g. raised 0.05c" 

IBS 

EJ 

c.g. lowered 0.05c 

de^ 

- 


Aly and 
c.g. mo 

ai 2 = 0.401 

ved back 0.0 

Y 

5 c 


Effect of 
settings f 
leutral sp 
My and AI 
3.pu moved b 

flap 

or aileron- 
ins. 

2 — O.4.O I y 
ack 0 . 05 c’ 


Modified 
AI y and A 
c.g. move 
0.05 

rudd 

i z =a 
d bac 
c 

er 

40 r Y 

it 

Ailerons 

Against 


eutral 

With 

Flaps 


50 °D 

k5°l> 

m 

Ailerons 

Neutral 

Full 

I5°u 

11 . 7 °D 

N 

fgjll 

Full 

91 

N 

D 

N 

D 


N 

D 

N 

w 

D 

JJ1 

N 

n 

D 

Elevator 

N 

N 

N 

N 

Elevator 


10°u 

N 


93S9 

E3I 

- 

m 

- 


m\ 

■ 


m 

B 

B 

099 

am 

E9 

am 

am 

ES91 

- 

isa 

- 

m 

0 , deg 

B3I 

m 

ISRl 

■ 


isai 


D 

B 

B 

B 

0 , deg 

m 

EQB 

am 

IS 

0 * deg 

- 

d 

- 

5 

0, rps 

351 

9 

SOS 

9 


211 

■ 


B 


B 

ft, rps 

SB 

aa 

SB 

3EEI 

ft , rps 

- 

SB 

- 

aa 

V, fps 

m 

- 


- 


m 


B 

B 



V, fps 

ggjl 

am 

IBB 

am 

V, fps 


bib 


91 

Turns 

for 

recovery 

a i i 

5 

1 



\ 

% 

*4 

H 

1 



1 

Turns 

for 

recovery 

a 4 

d 3 

daf 

4 




% 

Turns 

for 

recovery 


a 

d 
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“Steep spiral glide. 

°Wandering spin. 

®Oscll.latory spin 
d Recovery attempted by simultaneous reversal of rudder 
from full with to full against the spin with elevator 
movement from initial position to full down. 


e Model wandered before recovery was 
attempted. 

^Wandering spin with high vertical velocity. 
SMSdel with tail wheel attached. 


Relative effectiveness of additional vertical area. 
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-i— SCALE MODEL OF THE NORTH AMERICAN BT-9A AIRPLANE 


T\ A mam am o 1 4»a 



Norma. 1 Loading 


W, lb ...... . 

... I4.61I4. 

x/o 

. . . 0.275 


. . . 0.101 

If, s lug-f t^ . . . 

. . . 2676 

I Y , 8 lug- ft^ . . . 

. . . 14002 

1 2 
Ij,, 8lug-ft . . . 

. . • 5935 

Test altitude, ft . 

. . . 7000 

H (at sea level) 

. . . 5.38 

(7000 ft) . . . . 

. . . 6.65 


X X " X Y 




I 


X 


. -52 x 10“^ 

....... -77 x 10“^ 

129 x 1D~ k 

NATIONAL ADVISORY 
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Resume' of Model Test Results 


For the normal loading, clean condition satisfactory recoveries 
were obtained by either rapid full rudder reversal or by simultaneous 
reversal of the elevator and rudder. 

Moving the center of gravity forward 0.035c or lowering the 
flaps either 30 ° or 60 ° had little effect upon the recovery character- 
istics of the model. 

Increasing the rudder deflection 5° with the spin or increasing 
the deflection 5° or decreasing it 5° or 10° against the spin had 
no appreciable effect on the recovery characteristics of the model. 

With the mass extended along the fuselage (Aly and AEg = 0.1)0 Iy) 

satisfactory recoveries could not be obtained from the elevator-down 
spins. 

In order to improve the recovery characteristics of the model 
when the mass was extended along the fuselage (Aly and Alg = 0.40 Iy), 

various modifipations (modifications 1 to 14) were made to the tail 
surfaces of the model. Test results indicate that decreasing the 
elevator area (modification 14) or removing it (modification ll) 
had a favorable effect on the recovery characteristics of the model. 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 
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SPIN DATA OBTAINED WITH THE SCALE MODEL OF THE NORTH AMERICAN BT-9A AIRPLANE 

Jjjnless otherwise Indicated, steady 3pln data are for rudder-wi'th spins of the model In the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spins J 


Normal loading 


Effect of c.g. moved forward 0,0555 on 
turps for recovery, normal loading 


Against 


Ailerons 


Full 15°U, 


12 D 


Neutral 


Ailerons 


Against 


Full 


15 °U 

12°D 


Neutral 


With 


15 °tJ 

12°D 


Fulll 


Ele vator 




N 

kkl 


a I 


D 

ikl 


1 * 5 PU 

iSL 1_ 


io°o 

ljah.1 


JUX 


D 

xm 


Elevator 


a, deg 


36 


38 


ko 


38 


kk 


39 


35 


32 


35 


37 


39 


0, deg 


135 


020 


13 n 


120 


120 


110 | 


90 


90 


90 


120 


11U 


In., rps ta.55 


p.58 


o.55 


£55 


a.56 


£56 




0.54 


0.55 


10.58 


10,58 


v, fp8 


146 


Mi 


1I1.8 


lk6\ 


ML 


m 


156 


Mi 


Mi 


Mi 


Mi 


Turns 

for 

recovery 


Turns 

for 

recovery 


* 


41 


<*1 




* 

K| 

H 


hl| 




[ h] | 

4 


!l 3 2 


4 


1 1 

k 


Effeot of flaps 
on turns for 
recovery, normal 
loading 


Flap,s 


50° 


Ele vator 


Turns 
for 
recovery! 


6o° 


Effect of modifications on turns for recovery for aileron neutral spins, 
A ly god AI Z = 0 .I 4 .U I Y (Rudder reversal from 55° with to 35° against) 


Elevator 


Original 


Modification 




T~ 

12 


| 2 f 


1 i 


~y 

•£_ 

i? 


Z L 




Elevator 


Modification 


Ij- and 7 


7 and 8 

8 


10°U 


Elevator 


Modification 


10 


11 


12 


13 

ll| 


2 - 

2 


2 = 


k i 


^Wandering spin. 

D Initial rudder setting 55 * ^ 

9steep, wandering spin. 

Recovery attempted by simultaneous reversal of rudder and elevator. 

^Recovery attempted by reversing the rudder from 35° with the spin to 25° against the spin. 

1 Recovery attempted by reversing the rudder from 35 ° with the spin to 20° against the 3 pin. 

^Recovery attempted by reversing the rudder from 30° with the spin to 25° against the spin. 

^Recovery attempted by reversal of rudder from 30° with the spin to 20° against the spin. 
^Recovery attempted by roving rudder from 30° with the spin to neutral* 

^Before recovery was attempted the spin was steep and -wandering. 

^Elevator removed from model. 
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Modification / Modification 2 



Area J f - Area +■ Area S 3 


Modification 5 (Dimens/on full scale) 
r Chord line 

-To extend along center section of wfng 
from fuselage to outboard wing panels. 


Mod/ f /cat /on 6 




(Dimensions full scald) 


Modifications 7, Q, 9, and 10 



Modification II, If, IS, and i4 


ff.OO- 



■<£ elev. hinge 

Mod. //•* Original tail with 
elevators removed. 

Mod. (2: Mod. II plus additional 
stabilizer area \ A. 

Mod. IS -Mod. If with elevators 
replaced. 

Mod. !4- Original tail with 
area, B, removed, 
from elevators. 
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-i— SCALE MODEL OF THE AIRCRAFT RESEARCH CORPORATION XBT-11 AIRPLANE 

16 


Dimensional Data 



(Full Scale) 



b. 

ft . . 

• • • • 

* 


. 1+2.00 

L, 

ft . . 

• • • • 



. 27.81 

C, 

in* 

• • * • 

• 


. 75-60 

s. 

sq ft 

• « • • 

• 


21+8.00 

A . 

• • • 

• • ♦ • 

• 


. 7.11 

L.E 

. 5* aft 

Ii* ID* Cj* y 

in 


. 7.20 

Sr* 

sq ft 

• • • # 

« 


. 1+5.10 

S e > 

sq ft 

• * • « 

9 


. 17.50 

Sy* 

sq ft 

« • • • 

« 


. 20.10 

s r » 

sq ft 

• • • « 

• 


. II+.60 

6 r , 

deg . 

• « • t 

9 

35 

R» 35 L 

6 e* 

deg . 

* e • « 

• 

35 

U, 25 D 


d6S >1 

• • • « 

9 

25 

U, 25 D 

®a» 

d®g(j 

stick] . 

12.1 

5 U, 

12.5 D 

6f» 

deg . 


9 1 

» • 

. 60 D 

z 


7 

TDPF 255 x 10"° 

Landing gear ....... Fixed 



Mass Data 

NATIONAL ADVISORY 
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W, lb . . . 

• • e IjJ^OO 

I X “ I Y 


1 

x/cT • • 

. . . 0.258 

11 ■ p"’ * * * * 

♦ 0 • “^9 ^ 

10"^ 

W **•••*•*• 

. . . 0.061 

nrtT 



I x , slug-ft^ .... 

A p 

I v , slug-f t .... 

. . . 2700 
. . . U 360 

*Y * h 

2 * * * 

• 

• 

• 

» 

£ 

X 
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Resume of Model Test Results 

For the normal loading* clean condition* ^ normal control 
configuration for spinning* the model spun at an angle of attack 
of 36° and recovery by rapid full rudder reversal was satisfactory 

(lj" turns)* Rapid recovery was also obtained by simultaneous 

reversal of both elevator and rudder ^jj» turn) . 

Recoveries were generally satisfactory when mass was extended 
along the wings (£E X and At z = 0*30 l£), from spins of the model 

in the landing condition* and from inverted spins. 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 



NACA RM No. L7E15 


363 


SPIN DATA OBTAINED WITH THE ^g-SCALE MODEL OF THE AT EC RAFT RESEARCH XBT-11 AIRPLANE 

jUnlegs otherwise indicated, steady-spin data are for rudder-with spins of the model In the clean condition 
and recoveries were attempted by rapid full rudder reversal from right erect spins^ 



Ailerons 

Elevator 



Turns 

for 

Recovery 




^Oscillatory spin. 

“Velocity too high to test. 
c Recovery attempted by simultaneous 
reversal of rudder and elevator. 
a Recovery attempted by neutralizing 
the rudder. 

?Two types of spin. 

Recovery attempted by simultane- 
ously neutralizing the elevator 
and rudder. 
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l/ll+- SCALE MODEL OF THE FLEETWINGS XBT-12 AIRPLANE 


Dimensional Data 


(Full Scale) 
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9 

9 
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0 
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• 

• 
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9 
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0 

• 
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l+O.OJ 
29.16 
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21 + 0 . 1+2 
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Mass Data 


Model as tested. 


Normal Loading 


W, lb 

1+282 

I X - Iy 


0.21+8 

mb 2 


0.021+ 

I x » slug-ft| .... 

2,1+92 

Iy - I Z 

Iy, Slug-ft^ .... 

1+, 170 

mb 2 

Ig, slug-ft 2 .... 

6,293 

Test altitude, ft . . 

10,000 

H " !x 

1+ (at sea level) ... 

3. 81 

? * * * * 
mb^ 

(10,000 ft) . . . . 

7.88 
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Beam® of Model Test Results 

In the clean condition, normal loading, normal control configu- 
ration for spinning, the model span at a moderate angle of attach 
(a » 42°) and. recoveries obtained either by rapid full rudder 
reversal or by simultaneous reversal of rudder and elevator were 

satisfactory ^l| and 1^ turns, respectively^ • Setting the elevator 

either at neutral or down had an adverse effect. Setting the 
ailerons fully against the spin slightly improved the recovery 
characteristics of the model, whereas, setting the ailerons full 
with spin slightly impaired the recovery characteristics of the model. 

Extending mass along the wings (AEy and AEjr * 0.30 Ij), 
extending mass along the fuselage (AEy and AE Z = 0.30 Iy) or 

moving the center of gravity forward 0.06c or back 0.03c from, 
its normal position (data not presented for centerv-of— gravity 
changes) had no great effect upon the general recovery characteristics 
of the model. 

The recovery characteristics of the model in the la ndin g 
condition were similar to those in the clean condition. 

Inverted spins with the model were obtained only when the 
ailerons and rudder were set with the spin with the elevator set 
either up or neutral. The model would not spin inverted with the 
rudder set either neutral or against the spin (data not presented). 

The installation of a smaller vertical tall on the model (see 
sketch) had no appreciable effect on the spin and recovery charac- 
teristics of the model (data not presented). nati0 nal ADVISORY 

„ COMMITTEE FOR AERONAUTICS 
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SPIN DATA OBTAIN 8D WITH THE ~j~3C ALE MODEL OP THE FLEE WINGS XBT-12 AIRPLANE 

j? nl93a otherwise indicated, staady-apin data are Tor ruddar-with spins of the model in the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spins*] 
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-L-SCALE model OF THE VTJLTEE BT-13 AIRPLANE 


Dimensional Data 




(Full 

Scale) 


b. 

f t . . . 

» » • 
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in. . . 


9*9* 

88.50 

s. 

sq ft 


*99* 

239.00 
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Model as tested. 


Mass Data 


Normal Loading 


W, lb 

. 4227 

Cjt .......... 

. 0.291 

z/ Cj, .......... 

. 0.059 

I x , slug-ft^ 

• 2659 

Iy# slug-ft^ 

. 4122 

slug — f t ...... 

. 6201 

Test altitude, ft ... . 

10,000 

H (at sea level) .... 

. 5.50 

Lt» (10,000 ft) . . . . . 

. 7.46 
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Resume of Model Test Results 

In the clean condition, normal loading, normal control configu- 
ration for spinning, the model spun at a moderate angle of attack 
(a » b6°) and recovery hy rapid full rudder reversal was satisfactory 

(li totos). to altMtoto spin «gtoe, to »Mch the S pto tos steeper 

and recovery more rapid (3 turn), was also obtained* The number of 

turns required for recovery Increased by approximately 1 turn when 
recoveries were attempted by neutralizing the rudder rather than by 
completely reversing the rudder. Recoveries from elevator-neutral 
or elevator-down spins, although still satisfactory, were slightly 
slower than from the corresponding elevator up spins* 

In general, extending the mass along the wings (£E X and 
AEg ■ 0*30 improved the recovery characteristics, whereas 
extending the mass along the fuselage (^AEy and AI Z = 0*30 Iy) 

impaired the recovery characteristics of the model when the elevator 
was either neutral or down. Samll changes in the c enter-of— gravity 
location (±5 percent root chord) from the normal position had little 
effect upon recovery characteristics of the model (data not presented). 

For the landing condition (flaps down 60°, cockpit open, and 
landing gear extended) recoveries by rapid full rudder reversal were 
satisfactory only from the aileron-with spins. Opening the cockpit 
with the model in clean condition had no effect on the spin charac- 
teristics of the model (data not presented). 

Recoveries by rapid full rudder reversal from all inverted spins 
obtained were satisfactory (data not presented) • 
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SPIN DATA OBTAINED WITH THE ^-SCALE MODEL OP THE VULTEE BT-13 AIRPLANE. 


[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean 
L condition and recoveries were attempted by rapid full rudder reversal from right erect spins J 
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SCALE MODEL OF THE NORTH AMERICAN BT-H+ AIRPLANE 

34 . 2*6 


Dimensional Data 


(Full Scale) 
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Resume”^ of Model Test Results 


In general, for the clean condition, normal loading, and 
normal control configuration for spinning, the model spun at a 
steep attitude (a <w 32°) with a high rate of descent (175 feet 
per second, approximately), and satisfactory recoveries by 
rapid full rudder reversal were indicated from either the clean 
or landing condition. 

Extending mass along the wings or fuselage (Aly and 
Alg = 0.30 lx or Aly and Alg = O.3O Iy) or a center- of- 
gravity movement of 0.05c indicated little effect. 

Satisfactory recoveries by rudder reversal were indicated 
from inverted spins, except when the controls were crossed and 
the stick was forward. From this spin, simultaneous full reversal 
of both rudder and elevator gave satisfactory recovery. 
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SPIN DATA OBTAINED WITH THE J£^rg-3CALS L*QD£L Of THE HORTH AMERICAS BT-14 AIRPLAY 

{Unless otherwise indicated* gteady-spin data are for rudder-witn spina of the model In the clean condition and 
recoveries were attempted by rapid full rudder reversal from right erect spins] 



“Two types of spin® 

“Ailerons 25°U, 15 d D. 

^Large radius of spin. 

“Spin oscillatory in pitch. 

^Vertical velocity too high to teat. 
^Wandering spin® 

^Simultaneous reversal of rudder and elevator.. 
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—•SCALE MODEL OF THE FAIRCHILD XAT-13 AIRPLANE 
25 


Dimensional Data 
(Full Scale) 
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. . Tricycle 
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... 13.14 
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Resume" of Model Test Results 


For the normal loading, clean condition, normal control 
configuration for spinning, the model spun at a steep attitude 
(a = 25°) and recovery by rapid full rudder reversal was satis- 
factory turns) . Merely neutralizing the rudder gave a poor 

recovery (>4 turns, whereas freeing the rudder and elevator simul- 
taneously gave satisfactory recoveries (data not presented). 

Rapid recoveries were obtained by reversing the elevator alone. 

For the normal loading condition, the model would not spin 
when the elevator was full down or when the ailerons were full 
against the spin. Setting the ailerons with the spin had a 
slight adverse effect upon the recovery characteristics, although 
the recoveries were still satisfactory. 

Extending or retracting mass along the wings (M x and 
AI Z = tO. 25 Ij), extending mass along the fuselage (My and 
M^ = 0.50 Iy) or moving the center of gravity forward 0.05c or 

rearward 0,06c, in general, had little effect on the spin or 
recovery characteristics of the model. 

For the landing condition, the recoveries of the model were 
slower than those for the clean condition, although still within 
the satisfactory range turns) with the exception of a poor 
recovery (>6 turns) from the aileron-with elevator-up spin. 

Recoveries from inverted spins were satisfactory by either 
full rapid rudder reversal or by merely neutralizing the rudder. 
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SPIN DATA 03TAINSD WITH THE ^-SCALE MODEL OP THE FAIRCHILD 

[Unless otherwise indicated, steady-spin data are for rudder-with spins 
condition and recoveries were attempted by rapid full rudder reversal 
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flit 
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[E 
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H 

SffilH 
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V, fps 
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US 

e| 

fl 

mw 
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recovery 

1 

i 

1 



Turns 

for 

recovery 



1 

p 

1 

n 

1 

i 

1 

i 

n 

Simultaneous 
elevator 
and rudder 
re vers al 


| 


H 

fl 

H 

i 





Aly and AI Z = 0.50l y 

c.g. moved forward 0.05c 

Ailerons 

Against 

Neutral 

With 

Against 

Neutral 




Against 

Neutral 

With 

Elevator 

D 

D 

a 

H 

□ 

B 

D 

Q 

G 

n 

D 

D 

n 

D 

m 

u 


n 

D 



IN 


D 

in 

m 

D 

0. deg 

0 

s 

p 

1 
n 

_ 



■ 

B 

EBB 

H 


I 


H 


- 

■ 

E9 


El 




B 

1 

■ 

Ka 

Bfl 

N 

0 

3 

P 

1 
n 

0* deg 



m 

B 

B 

BBB 

B 

. 

n 

■ 

■ 



m 

N 

- 


BB 


E3 

m 

rps 

_ 

_ 

90 

B 

B 

Hfl 

B 

m 


■ 

m 



El 

m 



5B 


m 

BE 

V, fps 

- 

_ 

ESI 


B 

ns 



R 

MSS 


m 

m 


m 

H 

B 



■ 

ESI 


Turns 

for 

recovery 

1 

B 

I 

h 


1 

fl 


B 

H 

5 

k 

1 

1 

B 


a i 

k 

«L 

1 

fl 


1 

k 

fl 

fl 

I 

k 


c.g. moved back 0.06c 

Landing condition, normal loading 

Inverted spins, normal loading 

Ailerons 

Against 

Neutral 

with 

IBB 

Neutral 

With 

Against 

Neutral 

With 

Elevator 


D 

D 

m 

ED 

B 

m 

in 

E 

B 

B 

E 

BE 

D 

BE 

D 

BE 

D 

El 

B 

B 

U 

0 

B 

D 

a 


a, deg 

- 


- 

m 



B 

m 

iea 


m 



m 

K1 




m 


E 

B 

fl 

| 

N 

0 

s 

P 

1 
r 


B 

m 

B 

1 

0. deg 

_ 

_ 


eg 


B 


IBB 

m 

m 

MSI 

m 




m 

E 


fl 


fl 

BH 

El 

IS! 

H 

_ 

. 


m 

B 


g^i 

ffi! 


UK! 

BP 


EBB 



B 

B 

fl 


fl 

E829 

EES 

lEKH 



_ 

Bra 

P 



bh 

Ei 

cm 

m 

FBI 


m 



B 




H 

ESI 

Bfl 

Turns 

for 

recovery 


1 

1 

1 

j 

1 

1 





i 


>6 

i 






1 


i 


a Oscllletory spin. 

^Recovery attempted by neutralizing rudder 
c Model goes Into Inverted flight upon recovery. 


^Kodel goes into inverted spin upon recovery. 
e Steep spin. 

f Steep spin, model recovers immediately when launched 

with rudder against spin. NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 
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1 

2H 


-SCALE MODEL OF THE STEARMAN XAT-15 AIRPLANE 


Dimensional Data 


(Full Scale) 


b, ft . . 

9 9 

0 

• 

« 

. . . 59.68 

L, ft . . 

» « 

* 

9 

9 

. . . 1*2.02 

<T, in* * 

» * 

• 


9 

. . . 98.20 

S, sq ft 

e 9 

• 


• 

, . 1 * 1 * 2.30 

A » * « « 

9 0 

• 

9 

9 

. . . 8.06 

s h , sq ft 

* e 


9 

• 

. . . 7J+-15 

S e , sq ft 

e e 

• 

• 


. . , 26.35 

Sy, sq ft 

• 9 

• 

* 

© 

• • • 143.63 

Sj* « sq ft 

9 » 

* 

9 

* 

. . . 20.28 

6 r , deg . 

e e 

e 

» 

• 

25 R, 25 L 

5 g , deg . 

• e 

9 

• 

• 

30 U, 25 D 

6 a , deg . 

• « 

9 

0 

* 

2l* U, 16 D 

6_, deg (take-off condition). 

drooped (aileron 

deflection 


measured from drooped 

position) 10 

6f, deg (take-off condition) . 30 0 
deg (landing condition) * 50 D 

TDPF ll*l* x 10"^ 

Landing gear . . . Conventional 



Model as tested. 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 


Mass Data 


Normal Loading 


W, lb 

12,197 

lx " Iy 

...... 3 

-1* 

VC 

z/c* 

. 0.192 
-0.029 

mb^ 

x 10 

Ijj, slug-ft^ 

Iy, slug— ft 2 ...... 

20,370 

19,9314 

J Y - h 

-133 

X 

O 

I Z J slug-ft^ ...... 

37,736 

h ~ H 


-I* 

Test altitude, ft * . * • 
jji ( at sea level) * • * « 
jji ^ (20,000 ft) * 9 ® • * 

20,000 
. 6 .oi* 
. n.32 

mb 2 

x 10 4 
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Resume / of Model Test Results 


For the normal loading, clean condition, and normal control 
configuration for spinning, the model spun at a steep attitude 
(a = 29°) with a fairly high rate of descent (2U8 feet per second). 
Recovery by rapid full rudder reversal was satisfactory although 
recoveries could not be obtained by merely neutralizing the rudder. 

Extending mass along the wings (AI X and AI Z = 0.20 I x ) led 

to unsatisfactory recoveries by rapid full rudder reversal from 
all elevator-up spins. With the elevator in the neutral or down 
position, however, recoveries were rapid (l turn ) , Retracting 
mass along the wings (AI-^ and &I Z = -0.10 1^-), extending mass 
along the fuselage (Aly and AI Z = 0,4-0 Iy ) , or varying the 

position of the center of gravity (forward 0.04c and backward 0.10c) 
had no appreciable effect on the general spin and recovery charac- 
teristics of the model. 


For the take-off condition (landing gear extended, flaps down 
30°, ailerons drooped 10°) and for the landing condition (landing 
gear extended, flaps down 50 °) t recoveries from spins were generally 
satisfactory. 


Recoveries from inverted spins by rapid full rudder reversal 
vere aatisfactory. NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 
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[unless otherwise indicated, steady-spin date are for rudd<?r-with spins of the model in the clean condition 
L and recoveries were attempted by rapid full rudder reversal from right erect spins^ 


Normal loading 


AI X and AI Z tt 0.20 I x 


AI X and AI Z * -0.11 I x 


[ Ailerons | Against 


N D U 



inst Neutral With Against Neutral With 

N Id u n d u k d u n dun d u r d 

__ (a) (a) (a) 1&L 
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Yg'-SCALE MODEL OF THE NAVAL AIRCRAFT FACTORY N3N-I SEAPLANE 


Dimensional Data 
(Full Scale) 


b, ft (upper wing) . . . . . 3i|..00 

( lower wing) ..... 3I4..OO 
L, ft 28.60 

c, in. .......... 5 U.OO 

S, sq_ft 305.00 

L.E. c aft L.E. c r , in. . • . 0 

sq ft ......... 3® *50 

S e , sq ft (inc. bal.) . . , 15.00 
S T , sq ft ......... 23 • 16 

S . sq ft (inc. bal.) . . . II4..65 

6 r , deg 30 R, 30 L 

8 e , deg ...... . 35 U, 25 D 

6 a , deg ....... 28 U, 18 D 

TDPF 217 x 10"^ 



Mass Data 
Normal Loading 


NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 


W.JLb ...... 

x/c 

z/c 

H, slug-ft^ . . 
Iy» slug-ft . . 
Ig, slug-ft^ . . 

Test altitude, ft 
H (at sea level) 
[x' (8500 ft) . . 


2820 

0,320 

I X - Iy 

O 

. . . -1*5 

X 10 

0.080 

mb d ^ 



2180 

iy - h 

. . . -127 

x 10 

2610 

mb 2 


3900 

h • I X 

. . . 170 

x 10“^ 

8500 

mb^ 


3»55 



it. 59 
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Resume* of Model Test Results 

In the clean condition, normal loading, recoveries were generally 
satisfactory hy rapid full rudder reversal from all spins. Recoveries 
attempted "by a slow rudder reversal (approximately 6 seconds) were 
satisfactory only when the elevator was up. 

Retracting mass along the wings ^Aly and AI Z = -0.10 IyJ, 

extending mass along the fuselage ^Aly and AI^ = 0,30 Iy^, or 

moving the center of gravity forward or "back 0.05c from its normal 
position, did not appreciably alter the satisfactory recovery charac- 
teristics of the model. Extending mass along the wings f Aly and 

Al z = 0.20 however, caused recoveries from spins with the 

ailerons neutral, elevator either neutral or down and the aileron 
with elevator down to "become unsatisfactory {>2 turns) . 

Raising the horizontal tail 12 inches, full scale (modification 1), 
appreciably improved the recovery characteristics of the model and 
recoveries were satisfactory by rapid full rudder reversal. 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 
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SPIN DATA OBTAINED WITH THE t~-SCALE MODEL OF THE NAVAL AIRCRAFT FACTORY NSN-1 SEAPLANE 

fUnless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean condition 
and recoveries were attempted by rapid full rudder reversal from right erect apins^ 



Normal loading 

Effect of various control manipulations on turns 
for recovery, normal loading 

Aileron 

Against 

Neutral 

With 

Ailerons 


IBB 

With 

Elevator 

U 

N 

D 

U 

N 

D 

1 

u 

N 

D 

Elevators 

D 

fl 

B 

D 

■ 

D 


B 

m 

a, deg 

51 

60 

55 

55 

55 

57 

55 

50 

k9 

Neutralizing rudder 

i 

fl 

1 


1 

B 


B 

m 

SB 

m 


E3 


fl 

m 

m 

m 

m 

Simultaneous reversal of 
rudder and elevator 

B 

fl 

B 

el 


B 


B 





QQ 




ffij 


H 

Simultaneous neutralization 
of rudder and elevator 

— 

B 


fj 

1 

B 

B 


B 

B 


Q 

m 

m 

96 


0 



K3 

Simultaneous releasing rudder, 
elevator, and ailerons 

— 

fl 


r- 

— 

B 



B 


1 


1 

l k 

B 

4 

B 

1 

B 

d Slow rudder reversal 

B 

B 




1 



i 



Mod if 
and c 

lcati 
• g. m 

on 1, effect 
ovement on tux 

)f mass variation 
'ns for recovery 


Against 







Ailerons 

Against 

Neutral 

with 

j Elevators 

0 

D 

0 

D 

fl 

Q 

0 

a 

B 

Elevator 

D 

9 

fl 

D 

B 

a 

B 

a 

B 

Elevators 

n 

■3 

D 

B 

a 

a 

a 

B 


E 

B 

B 

1 

E 

B 

1 

B 

1 

a, deg 

□ 

1 

I 

E 

Q 

B 

B 

B 

B 

mm 

1 

Ffl| 

y±y 

1 

B 

B 

1 

B 

B 

g|W| 

B 

B 

B 

fl 

1 

1 

B 

B 

1 

0, deg 

5 

E 

9 

B 

B 

B 

B 


B 

fl 


1 

B 

B 

B 

B 

BBIHfli 

E 

B 


fl 

1 

1 

B 


1 

L2, rps 


fl 



B 

Q 

s 

J2 

■ 


B: 


E 

B 


B 

B 

c.g. moved 
forward 0.O5c 

B 

B 

B 

B 


1 

B 

B 



102 

i 

n 

|Q 


B 

E 


B 

c.g. moved 
forward 0.05c 

g 

B 

B 

1 

1 

B 

1 

B 

c.g. moved 
back O.D^c 


1 

1 

1 



1 


1 


1 

2 


1 

2 
2 

* 

4 

’4 


I 

4 

c.g. moved 
back 0.055* 

1 

I 


\ 

1 

1 

1 



a r»AI IUNAI ADVISORY 

Model sensitive to rudder deflection near neutral. COMMITTEE FOR AERONAUTICS 

b Model goes into spin with increasing radius after neutralizing rudder. 
c Model goes into a spin with large radius with a whip after neutralizing rudder* 

^Approximately 6 seconds, full scale. 

e Recovery attempted by slow rudder reversal {approx. 6 seconds, full scale) 

^Recovery attempted by simultaneous reversal of rudder and elevator. 


Mod ff /cotton / 
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1/16-SCAI£ MODEL OF THE NAVAL AIRCRAFT FACTORY XN3N-2 AIRPUNE 


DIMENSIONAL DATA 
(Full Scale) 


b. 

ft • • 4 • 

» • • « 

• 

• * 

« 

• 34.00 

L, 

ft • e * • 

# 9 0 • 

* 

# • 

• 

. 25.76 


in • • • # 

• # • ® 

• 

4 « 

« 

. 54.03 

s. 

sq ft • . 

e « e * 

• 

• e 

4 

305.00 

A • 


• • • • 

• 

4 * 

• 

. 7.58 

L.E 

. V aft L. 

E. c r . 

in 

4 • 

e 

. 13.80 

S h* 

sq ft • • 

• • 4 4 

• 

• » 

• 

* 38*08 

*» 

<J> 

CO 

SQ ffc • • 

• • • • 

» 

# • 

• 

. 15.08 


SQ ft 4 4 

• • ® • 

• 

• 4 

• 

. 21.41 

s r* 

SQ ft e 4 

• • * e 

* 

» # 

0 

. 11.15 

6 r , 

deg ... 

4 • • • 

e 

* * 

30 

R, 30 L 

5©» 

deg ... 

• • • • 

• 

• • 

35 

U, 25 D 

^a» 

deg (l/5 stick) . 

• 

. 4. 

.8 

D, 4.5 D 

6 a . 

deg (2/5 stick) • 

» 

10. 

,0 

U, 8.8 D 

5a» 

deg (3/5 stick) . 


16.2 

! D 

, 12 .5 D 

&a* 

deg (4/5 stick) « 


22 .£ 

> U 

, 16.0 D 

s a» 

deg (full 

stick) . 

» 

30.0 D 

, 20.0 D 

TDFF 

4 4 4 4 

• 

» 

236 x 10“ b 

Landing gear 

» e » • 

a 

* ® 

• 

. Fixed 


MASS DATA 



NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 


Normal 


w, lb . . . . 

x/c . . . * < 
z/o • • • • I 
I X , slug-ft 2 

Iy» SlUg-ffc 2 

I slug -ft 2 


Test altitude , ft 
li (at sea level) 
li (at 10,000 ft) 


« 


2,704 

0.316 

0.012 

1,577 

2,291 

3,416 

10,000 

3.42 

4.63 


IX - lY 
mb 2 

h-h 

mb 2 



-74 x 10" 4 


116 x 10” 4 


190 x 10” 4 


• • • • • 
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Resume of Model Test Results 


In the clean condition, normal loading, the recovery characteristics 
of the model were satisfactory either hy rapid full rudder reversal 
or hy simultaneous reversal of rudder and elevator. 


For the aileron-neutral spins, extending or retracting the mass 
along the wings (AI X and AI Z = 0.20 or -0.15 Iyj or moving 

the center of gravity forward or hack 0.05c from its normal position 
did not appreciably alter the recovery characteristics of the model, 
whereas extending mass along the fuselage ^Aly and Al z = 0.20 Iyj 

led to unsatisfactory recoveries when the elevator ms full down. 


With mass retracted along the wings and AI Z = 
in conjunction with mass extended along the fuselage (aIj 
AI Z = 0.20 and center of gravity moved forward 0.05c 


-0.15 I x ) 
and 

from its 


normal position, unsatisfactory recoveries were obtained hy rapid full 
rudder reversal for the elevator-neutral or elevator-down settings 
when the ailerons were either neutral or set partly or fully against 
the spin. 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 
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SPIN DATA OBTAINED WITH THE ^-SCALE MODEL OF THE N AVAL AIRCRAFT FACTORY XN5N-2 AIRPLANE 

[unless otherwise indicated, steedy-spin data are for rudder-with spins of the model in the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spins ] 



Normal loading 

Effect of mass variations 
and c.g. movements on turns 
for recovery 


■■■■mSSaHHBBil 



Aileron 

Neutral 

Ailerons 


H 

H 

mm 

H 

IB 

HI 

a 

mm 

||Jg 

Elevetor 

HI 

m 

1 

B 

Bl 

B 

B 

B 

D 

li 

IB 

B 

Bl 

B 

B 

B 

B 


U 

D 

w 

55 

57 

- 

57 

ESI 


a 



iff 

58 

B 

Bl 

57 

40 



■MT 

bl 

2 

± 

m 



9 


Bl 

B 

a 



E9 

10 

B 

■ 

8d 

110 

9 

Qj 

AIX and AI Z = 

“0.15IX 

bl 

2 

± 

A rps 



9 

mfli 


B 





0.36 

0.36 

-- 

0.36 

0.37 

- 

0.36 

Aly and AI Z = 
0.20ly 

'± 

A. 

V, fps 

eg 

EH 


m 

Bl 

9 

m 

B 

a 

a 

ffll 


■ 

a 

ra 

B 

m 

c.g. moved 
forward 0.05c 

bl 

2 — 

2 

Turns 

for 

recovery 

i 


B 


h 

2 

4 

4 

■ 

b 5 

4 

1 

1 

>5 

i 

B 

h 

2 

! 

i 

b 5 

4 

* 

h 

2 

c.g. moved 
back 0.05c 

*>1 

2 

4 


AT^ and AX^ — * 
Aly and AI Z = 0 
c.g. moved forw 

.20Iy 
ard 0.05c 

a Osciilatory spin. 

^Recovery attempted by simultaneous 
reversal of rudder and elevator. 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

Ailerons 

Against 

r 

Neutral 

| 

With 

Full 

4 

5 


II 

■1 


mm 

Li 

■SLi 

Elevator 



a 

B 

u 

B 

IB 

E 

III 

s 

0 

a 

B 

B 


D 

— — 

m 


Hi 

i 

44 


im 

s 

!R3 

a 

m 

B 


B 

13 

B 

I^ESH 

fa 


m 

9 

7u 

B 

ifH 

s 

IBS 


B3 


i6d 

B 

32 

B 

n. 



EH 

5 

0.36 


0.35 

- 





0.35 


W. 

B 

V, fps 



EH 

IB 

109 

... 




s 



BBS 


IEB 

B 

Turns 

for 

recovery 

yi 



4 

t 

6 


E 



i 

4 

*1 

4 



£ 

B 

i 
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16 


•-SCALE MODEL OF THE , NAVAL AIRCRAFT FACTORY N 3 N -3 LANDPLANE AND SEAPLANE 




Dimensional Data 


(Full Scale) 

NATIONAL ADVISORY 

(Values are the same for both COMMITTEE FOR AERONAUTIC 
landplane and seaplane except 
where noted) 


b, ft (upper and lower 

wing) 34.00 

L, ft 

landplane . . . 25-58 

Seaplane 28.60 

c j in • . . « . . « . . . . 54.06 

S, sq ft (total area) . , 305*00 

A . .......... 7.58 

L.E. c aft L.E. c r , in. . . 0.00 

S h , sq ft . . , . . . . . . 38.50 

S e , sq ft (inc. bal.) . . 15.00 
sq 20 • 85 


S r , sq ft (inc. bal.) 

. . . 11.35 

6 r , deg 

30 R, 30 L 

6 e » deg . 

35 u, 25 D 

5 a » deg ....... 

28 U, 18 D 

8 & , deg ( 1/2 stick) . 

11.5 U, 10 D 

TDPF 

186 x 10‘ 6 

landing gear 

landplane 

. . . Fixed 

Seaplane 

. . Floats 
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Mass Data 
Normal Loading 
( Landplane) 

W, It) 2803 I x - I Y 

x/v . 0.293 ~ — 

z/c ( above T.L.) .... -0.017 mt> 

Ij, SlUg-ft ....... 1583 Iy - 

Iy, slug-ft 2 ....... 2363 2 

I z » slug-ft^ ....... 3iL(.87 I I 

Test altitude, ft ... . 10,000 ^ % 

p (at sea level) ..... 3*53 .2 

vt (10,000 ft) 4.78 m 


. -77 x 10 

-112 x 10*^ 
189 x 10*^ 


W,_lb 

xf c. ....... 

z/c" (below T.L.) 

0 

Ij, slug-ft . » . 

Iy, Slug-ft^ . . . 

2 

I 2» slug-ft . . . 

Test altitude, ft . 
(i (at sea level) 

H* (6000 ft) . . . 


( Seaplane) 

2935 I y - Iy 

0.287 — - 

0.080 mb 2 

220I4 " h 

2627 ,2 

mb 

3921 I „ T 

6000 

3.70 mb 

k>h3 


• . . . . — I4I ^ 10 ^ 

-122 x 10'^ 


I63 x io” [l 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 
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Resume” of Model Test Results 
landplane 

In the clean condition, normal loading, the recovery characteristics 
of the model were satisfactory by rapid full rudder reversal. 

Extending mass along the wings ^Aly and AI Z = O.3O I x j, along 

the fuselage ^Aly and Al z “ 0.30 Iy^, or moving the center of 

gravity forward or back O.Okc from its normal position had little 
effect on the steady-spin and recovery characteristics of the model. 

Recoveries from all inverted spins obtained were satisfactory by 
rapid full rudder reversal. 

Although the spin characteristics of the model were generally 
satisfactory, various modifications (l to k) were tested on the model 
to determine which locations for additional area were most effect ivej 
generally, regions along the upper and lower trailing edges of the 
rudder were found to be satisfactory in accelerating recoveries. 


Seaplane 

In general, the spin and recovery characteristics of the seaplane 
were qualitatively the same as those for the landp lane j quantitatively, 
erect steady spins were somewhat steeper and recoveries were somewhat 
more rapid. Inverted steady spins were slightly flatter and recoveries 
were slightly slower. 

The effect of a cowl over the engine had a negligible effect on 
the steady-spin and recovery characteristics of the model (data not 
presented) • 

It should be noted that a rigid comparison between the landplane 
and seaplane versions of the model cannot be made because the landplane 
model was tested at an equivalent test altitude of 10,000 feet and the 
seaplane model was tested at an equivalent test altitude of 6000 feet. 
In general, an increase in altitude tends to flatten spins and retard 
recoveries. NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 
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SFItf DATA OBTAINED WITH THE -SCALE MODEL OF THE NAVAL AIRCRAFT FACTORY N5N-3 AIRPLANE 

[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean con- 
dition and recoveries were attempted by. rapid full rudder reversal from right erect spins; equiva- 
lent altitude, landplane 10,000 feet; seaplane, 6000 feetj 


Normal loading 
Neutral 


A I y and Al£ = 0.30 ly 
Again3t | P 


with 

Full 







Effect of fin modifications 
on turns for recovery, 
ailerons neutral \ elevator 
down, 

Aly and Al z = O.JOIy. 


Modification [ 


Turns for 
recovery 


Neutral 

| With 

1 

2 


Full 


U N D 

U N D 

u 

N 

D- 

(a) 


(ab) 


(ab) 

4 ? 49 50 

- - - 

43 

57 

41 

ID 1 U lu' 

- - - 

7 D 

ID 

33 

0.32 c. 42 a 44 

- - - 

0.27 

0.43 

0.43 

105 100 96 

- - - 

111 

lUO 

101 

1 2 

H 1 ! 

3 

4 

1 



a NATIONAL ADVISORY 

Wandering spin. COMMITTEE FOR AERONAUTICS 

^Oscillatory spin. 

c Recovery attempted by neutralizing the 
rudder. 

^Model goes into inverted spin upon recovery. 

e Elevator 30° down. 

^Elevator 35° down. 

®Steep spiral, velocity too high to test. 

^Recovery attempted by movement of the 
rudder to full against the spin. 

^-Delicate spinning equilibrium-, no-spin 
condition also possible. 

^Recovery attempted by releasing the rudder. 

k No spin. 

^Model enters right erect spin. 
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Modifications 1, 2 . 3 and 4 
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^-SCALE MODEL OF NAVAL AIRCRAFT FACTORY XN5N-I AIRPLANE 


Dimensional Data 


(Full Scale) 


b , Ft .«••*.. 
L, ft 

C| in « ...... 

S, sq ft 

A ......... 

L.E. <T aft L.E. o r , 

Sjj, sq ft 

^ sq ft 9 * * 9 * 

sq ft . * . » . 

Sp 9 sq ft 9 9 9 « • 

6 p 9 d© ^ • * • • » • 

f>e» dog ••••*« 
8 a » deg •••••• 

6^9 deg 999999 

TDPF ....... 

Landing gear . . . 


. . . . 1*2.00 

. . . . 30.1*1 

. . . . 87.21+ 

* . . *290*00 

9999 8.08 

in. . . 0.00 

. . . 9 50 9 00 

9 9 9 9 19.70 

. . . . 20.37 

. . . . 11.92 

. 30 R, 30 L 

. 35 u, 25 D 

. 30 U, 15 D 

.... 1+5 0 

. 258 x 10" 6 

» * « « F i xy? d 



Mass Data 
Normal Loading 


w, lb 

® * ® » 3 290 

** % 


3^/c ........ 

z/c* 

. . . . . 0*272 
• « « © 0# 0I4.9 

mb 2 ' 

T T 


I x , slug- ft 2 . . . 

. * .. * 1765 

Iy - % Ig 


Iy, s lug-f t 2 . . . 

# * « # 

.2 

mb 

I Z , s lug-f t 2 . . . 

® * ® « I4.897 

Iz ” Ir 

j 

Test altitude, ft . 
H (at sea level) . 
H* ( ll+,000 ft) . . 

... n+,000 p 

.... 3.52 , mb 

.... 5.1+3 

Alternate Loading 

17l+ x 10 " 4 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 


1Tb 3352 

X/ 0»e«eee«ee»#eOe 2*7*7 

%/ <T «» '«•**«•*«*• 0*060 
Ij> Slug- ft 2 • » • * e • e 2235 

Iy, slug~ft 2 3^81+ 

I Z , S lug-f t 2 ....... 521+7 

Test altitude, ft ... . l!+, 000 

1+ (at sea level) 3 *92 

1+ * ( ll+, 000 ft) . . . . 9 9 5.53 


lx - h 

mb 2 * 

% - h ' 

mb 2 

h " J X 



-9l+ x 10 “^ 
-77 * 10“^ 
171 x 10*^ 


® e ® e « e ® 
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Resume of Model Test Results 

In the clean condition, normal loading, and normal control 
configuration for spinning, the spin was to oscillatory to permit 
testing. With the elevator neutral, a steady steep spin was obtained, 
hut with the elevator full down the model would not spin. Setting 
the ailerons against the spin had a slight adverse effect, hut 
recoveries hy rapid full rudder reversal were satisfactory. Setting 
the ailerons with the spin had a favorable effect. Changes in the 
aileron differential had no appreciable effect on the spin or 
recovery characteristics of the model. 

Extending mass along the wings and Alg = 0.30 

along the fuselage ^Aly and AI Z *0.50 IyJ, or moving the center of 

gravity forward O.O36 or backward 0.05C from its normal location 
had little effect upon the recovery characteristics of the model. 

Extending mass along the fuselage ^Aly and AI^ ~ 0.1»0 Iy 

in conjunction with a movement of the center of gravity backward 0.10c 
from its normal position had a detrimental effect on the recovery 
characteristics of the model, inasmuch as fiat spins and unsatisfactory 
recoveries by rapid full rudder reversal were obtained when the ailerons 
were either neutral or against the spin. Removing the engine cowling 
for this loading did not appreciably alter the spin or recovery 
characteristics • 



The installation of a modified wing tip (see sketch) slightly 
improved the recovery characteristics of the model for all loadings. 


An attempt was made to produce a steadier spin for the normal 
control configuration for spinning by relocating the horizontal tail 
surfaces. (See sketch.) Raising the horizontal tail surfaces 


21^ inches, full scale, led to steady spins from which recoveries 


were satisfactory, 


Moving the tail surfaces forward 19- inches, full 

2 


scale, caused the spin to become only slightly oscillatory. Lowering 
the horizontal tail surfaces did not affect the spin and recovery, 
characteristics of the model. NATIONAL ADVISORY 

COMMITTEE FOB AERONAUTICS 
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SPIN DATA OBTAINED WITH THE —-SCALE MODEL OF THE NAVAL AIRCRAFT FACTORY XN5N-1 AIRPLANE 

[unless otherwise Indicated, steady-spin data are for rudder-wlth spins of the model in the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spins; 
aileron differential 2:1, unless otherwise noted) 


Effect of J ;1 aileron differential on steady spin 
characteristics, normal loading 



R^HilSP 

IBBBBBHBBBBBBBBBBaBfliBaBaBBBBB 


Effect of 1:1 aileron differential on steady spin 
characteristics, nprmal loadings 


AI X and AI Z = 0.15I X I AI X and AI Z = 0.50I X 


Against j I Against 

Neutral wiih | ~j Neutral 



Ai lerons 

Against 

BB 

Elevator 

BIB 

. D 

rang 



a inurarararanniBiaraisiraEaaiiE 
HrararararaHHgHEMrarasiEinii nra niifHasf 

bbbbbbbbBbbbIbbbIIbbbbbbbI 



^00 oscillatory to test. 

^Vertical velocity too high to test* 

c Two conditions possible, 

d Stcep and oscillatory spin. 

e Too wandering to attempt recovery from spin. 


NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 
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SPIH DATA 03TAINFD WITH THE —-SCALE MODEL OP THE NAVAL AIRCRAFT FACTORY XN5N-1 AIRPLANE - Concluded 


[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spins: 
aileron, differential 2:1, unless otherwise noted] 
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‘‘Too oscillatory to test. NATIONAL ADVISORY 

^Vertical velocity too high to test. COMMITTEE FO* AEftOM ANTICS 


^ Model spins steadily tor a tiro, then recovers of own aooord. 


Comparison of original and modified wing-tips. 



Horizontal -tail -surface locations 
tested on model. 



Raised 21. 75 " 
Original 

horizontal location 
Lowered 4.50“ 

Lowered 13. 7 5 " 
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JL-scale models of the BOEINO NB-1 seaplane and landplane 

16 


t dev. hinge 


-8.50 — «| f-z.67" 


£ e/ev. hinge - 


-8.50- H .-/.6T" 

+=4T^s- 
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W, lb ....... . 

X'Sn 



Iy, slug- ft ^ . . . . 

Iy, slug- ft 2 . . . . 
Iy, slug-ft 2 . . . . 
Test altitude, ft . . 
I 1 ' (at sea level). . . 
H*(at 6000 ft) . . . 


Mass Data 
Normal Loading 
(Seaplane) 


2849 

0.340 

0.075 

3,342 

2,522 

4,690 

6,000 

2.94 

3.52 


x x - Iy 

mb 2 

% ~ 
mb 2 

T Z ~ T X 
mb 2 


68 x 10~4 
-180 x 10*4 

112 x 10"4 


W |i lb » % « e * « « 
x/% ••••••• 

• a # « e « # 

Iy, slug-ft 2 . . . 

Iy, slug-ft 2 . . . 

Iy, slug-ft 2 . . . 

Test altitude, ft . 

(at sea level) 
H*(at 10,000 ft) . 


(Landplane) 


. 2544 
. 0.350 
- 0.026 
. 2,409 
. 2,239 
. 4,099 
10,000 
. 2.62 
• 3.55 


*Z ~ T I 
mb 2 

iz 

mb 2 

h Z J i 

mb 2 


16 x 10"4 
-174 x 10“4 
158 x 10“4 


Besume of Model Test Results 

For the normal loading condition, normal control configu- 
ration for spinning, the seaplane model spun in an oscillatory 
manner and recovery •was satisfactory by rapid full rudder 
reversal. With the elevator in the neutral position, recoveries 
were unsatisfactory. Setting the ailerons either with or 
against the spin had little effect on the spin and recovery 
characteristics of the model. Using smaller tail surfaces 
than originally installed on the model (see sketch) had no 
appreciable effect on the steady spins) however, the number 
of turns required for recovery increased slightly. 

Extending mass along the wings with or without a center 
of gravity movement rearward 0.09c from its normal position, 
led to recoveries which were generally unsatisfactory. 

The recovery characteristics of the NB-1 landplane were 
similar to those of the seaplane model. The model spun, however, 
at a slightly flatter attitude- NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 
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{unless otherwise indicated, steady- spin data are for rudder-with spins of the model in the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spins] 



Turns 

for 

.Recovery 


^Oscillatory spin. 

b Wing float shingles removed. 


oo 

8 

c.g. 

moved back 0.05? 

1 and raised 0.077 

00 


c.g. 

moved back 0.057 


wt. 

Increased 0.13 

a 

o> 

ro h 

Oo 

c.g. 

wt. 

moved back 0.057 
decreased 0.013 


NATIONAL ADVISORY 
COMMITTEE F« AERONAUTICS 


c R©covery attempted by simultaneous reversal of rudder and elevator. 

^For attempted recoveries wing floatahingles were removed. 
a Vt'ing floats removed. 

^Recovery was attempted with model equipped with small tail surface and float 
shingles removed. 
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SCALE MODEL OF THE CURTISS-WRIGHT SNC-l AIRPLANE 


Dimensional Data 
(Full Scale) 


b. 

ft . . . 

© » 

• • • 9 

ft 

. 35.00 

L, 

ft . . . 

a • 

ft ft ft ft 

ft 

. 27.00 

c. 

in. . . 

© © 

« ft 6 ft 

« 

.■ 61+.01 

s. 

sq ft . 

e © 

® ft ft ft 

* 

173.70 

A . 

« • « e 

© 9 

9 ft ft ft 

ft 

. 7.05 

L.E 

. c* aft 

L.E. 

c r , in. 

ft 

. 52.89 

s h * 

sq ft . 

9 6 

« « ® ft 

ft 

. 25.53 

^e» 

sq ft ( 

inc. 

bal.) ‘. 

ft 

. 8.58 


sq ft . 

® « 

« « e 9 

« 

. 16 . 1+9 

S r s 

sq ft (ino* 

b& 1 * ) • 

ft 

. 8 . 1+3 

$ 

deg . . 

9 0 

9 ft® 30 

R, 30 L 

6 e * 

deg . . 

ft 9 

• • 27 

U, 

26.5 0 

6 a* 

de g . . 

ft 9 

. 41.5 


9.5 D 

8 f* 

deg . . 

e e 

9 ft ft ft 

© 

. I4I4. D 

✓ 


TDPF 167 x 10* 6 

landing gear ... Conventional 



Mass Data 


Mode! as tested. 


Normal Loading 


it ....... .... 3 6^6 

C.o . ... . . . . . . 0.3 Ol | 

z/c 0.072 

Slug-ft^ . 121+2 

^Y» s lug-ft 2 ...... . 28^3 

I Z , slug- ft 3937 

Test altitude, ft ... . 10,000 

Alternate test altitude, 

ft 25,000 

! i (at sea level) 7.83 

p' (10,000 ft) ...... 10.60 


*X ■ 
mb 2 

I Y “ I Z 


,2 

mb 

J 2 - *X 
mb 2 


-117 x icf^ 
-77 x 10 *^ 
I9I4. * 10“^ 


NATIONAL ADVISORY 
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Resume of Model Test Results 


In the clean condition, normal loading, and normal control 
configuration for spinning, the model spun steeply with an oscillatory 
motion. Recoveries were satisfactory either "by rapid full rudder 
reversal (l/2 turn) or "by simultaneous reversal of rudder and 
elevator. With the elevator either in the neutral or down position, 
satisfactory recoveries generally could not he obtained. 

Setting the ailerons partly or full with the spin improved the 
recovery characteristics' of the model and all recoveries attempted by 
rapid full rudder reversal were satisfactory, regardless of elevator 
setting. Setting the ailerons partly or full against the spin had a 
detrimental effect on the recovery characteristics of the model and 
satisfactory recoveries by rapid full rudder reversal could be 
obtained from the elevator -up spins only. 

Extending or retracting the mass along the wings (AI X and 

AI^, = 0.25 I x or *0.22 I x ), along the fuselage (Aly and 

AI^ = 0.25 Iy or -0.10 Iy), or moving the center of gravity 

forward 0.08c or bade 0.10c from its normal location had little 
effect upon the spin and recovery characteristics of the model. The 
recovery characteristics of the model in the landing condition 
(landing gear extended, flaps down 44 °) were similar to those obtained 
for the clean condition, normal loading. 

Recoveries from all inverted spins obtained were satisfactory 
by rapid full rudder reversal except when the ailerons were with the 
spin and the elevator was up. 

In an endeavor to improve the recovery characteristics of the 
model, areas were added forward of the fin, and to the top of the 
original fin and rudder, and the rudder was extended downward to 
include the lower part of the fuselage rearward of the hinge line . 

(See sketches.) These modifications were generally ineffective 
(data not presented) . The addition of antispin fillets (modifi- 
cations 1 and 2) or ventral fins (modifications 3 to 7) improved 
the recovery characteristics of the model with best recoveries still 
obtained when the ailerons were full with the spin. 

Recoveries from spins with the model tested at an alternate 
equivalent test altitude of 25,000 feet were slower than recoveries 
from the corresponding spins at the equivalent test altitude of 
10,000 feet used for the tests previously discussed. 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 




^Oscillatory spin. NATIONAL ADVISORY 

°Two types of s pin. COMMITTEE F09 AERONAUTICS 

^Steep spin. 

“Recovery attempted by rudder neutralization. 

e Recovery attempted by full simultaneous reversal of 
rudder and elevator. 

f Mqdel goes into spin in opposite direction after recovery. 

SHecovery attempted by reversal of rudder from full with to 
2/3 against the spin. 

^Recovery attempted by simultaneous movement of rudder from 
full with to 2/3 against the spin and elevator from 2/3 
up to neutral. 


* Recovery attempted by simultaneous movement of rudder full 
with to 2/3 against the spin and elevator from 2/3 up to 

, full down. 

J Model goes into an inverted spin after recovery from erect 
spin. 

“^Recovery attempted by simultaneous neutrali zation of rudder 
and ©levator. 

^Model recovers in spiral dive. 

m Oscillatory and wandering spin. 

n Recovery attempted before final steep attitude was attained, 
visual observations. 
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SPIN DATA OBTAINED WITH THE X -SC ALE MODEL OP THE CURTISS -WRIGHT SNC -1 AIRPLANE - Concluded 

45 

[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean 
condition and recoveries were attempted by rapid full-rudder reversal from right erect spins] 



Normal loading, equivalent test 
altitude 25»OCO feet, modification 7 
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I T Neutral 
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L 2U 
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0.59 

0.50 

— 

0.51 

0.45 

0 .to 

0.5C 

0.46 

V, fps 

216' 
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— 
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175 
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Turns 

for 

1 

4 


00 


ii 

4 

ii 

recovery 

2 




k 

2 
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Oscillatory spin. NATIONAL AOVISORY 

*Two types of spin. COMMITTEE FO* AERONAUTICS 

c Steep spin. 

^Recovery attempted by rudder neutralization. 

0 Recovery attempted by full simultaneous reversal of rudder and 
elevator. 

^Model goes into spin in opposite direction after recovery. 
SRecovery attempted by reversal of rudder from full with to 2/3 
against the spin. 

J Model goes into an inverted spin after recovery from erect spin. 
^Recovery attempted by simultaneous neutralization of rudder and 
ele vator. 

Oscillatory and wandering spin. 

n Recovery attempted before final steep attitude was attained, 
visual observations. 

°Two conditions possible. 

Pwandering spin. 

^Model goes into ereot spin after recovery from Inverted spin. 
r Recovery attempted by neutralization of rudder and elevator. 
8 Vertical velocity too high to test. 


■P-Im 






































































NACA RM No, L7E15 


402 


Ineffective tail modifications tested on SNC-! model 



Modifications 6 and ?\ 
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50 


-SCALE MODEL OF THE LOCKHEED XB-2 AIRPLANE 


Dimensional Da ta 
(Full Scale) 


bj fb «...««, « . . 125 .00 

L, fb 9^- # 92 

c» xn« *•••>•••■ 1*77*78 

S, sq ft ........ 1660,00 

A... .......... 9*11 

Sh» S9 f b ........ 1+51+.70 

S e , sq ft 112.00 

Sy, sq ft (3 taxis) « « , 230*1x0 

Sj. f sq ft ......... 87 * 60 

deg ....... 30 R, 30 L 

6 e , deg ...... . 1x0 U, 20 D 

8 a , deg ...... . 25 U, 10 D 

6f * degt 


At root ........ 39*75 

At tip ......... 1x2.25 

TDPF 1160 x 10" 6 

Landing gear ..... Tricycle 
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Mass Data 


W 1 It ........ 

x/ c ......... 

z/cT ......... 

1 ^, slug-ft^ . . . . 
Iy, slug-ft^ , . . . 

• * p 

s lug— f t . . . . 
Test altitude, ft . . 
H (at sea level) . . 
(25,000 ft) . . . 


Normal Loading 


. 69,600 

. . 0.21x9 

. . 0.193 
. 80lx, 263 

* 1+70,793 
1,259,518 
. 25,000 

* , 1 +. 1+6 
• . 9*95 


x x h 

mb 2 



mb 2 


102 x 10 4 * 

-2lxl x 10“^ 
139 x 10“^ 
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Resume' of Model Test Results 


For the normal loading, clean condition, and normal control 
configuration for spinning, the model spun at a very steep attitude 
(a - 24°) with a high rate of descent (356 feet per second, full 
scale) and recovery hy rapid full rudder reversal was satisfactory 

(l^tums . The model would not spin for any other aileron- 

elevator setting except with the elevator up and ailerons with the 
spin. Recovery from this spin was satisfactory only "by rapid full 
elevator reversal or hy simultaneous rapid reversal of the rudders 
and elevator. 


Results obtained with changes in mass distribution or of the 
center -of -gravity position indicated no appreciable effect on the 
recovery characteristics of the model. 


Lowering the la n ding gear (data not presented) or extending the 
flaps had little effect on the recovery characteristics of the 

model * NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 
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SPIN DATA OBTAINED WITH THE -.-SCALE MODEL OP THE LOCKHEED XB-2 AIRPLANE 

[Unless otherwise indicated, steady-spin data are for rudder-with spins of the model In the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect splnsj 


Normal loading 


With 


Full 


EIHEBEaHBSaBEEaSaSBB 



Effect of various control manipula- 
tions on turns for recovery from 
the aileron-wlth, elevator-up 
condition, normal loading. 


Recovery attempted by 


ffect of mass changes and c.g. 
movements on turns for recovery 


Simultaneous reversal of 
rudder and movement of 
elevator from 40° U to 10° D 


Simultaneous neutralization 
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n Releasing the rudder 
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Rudder originally free 


a Two types of spin, flatter spin usually obtainable. 

b Unstable spin,, model generally steepens and recovers of own accord. 

c Recovery attempted by releasing the rudder. 

0011 free * 

f No spin. 

^Recovery attempted by simultaneous reversal of rudder and elevator 
^Velocity too high to test. 

^-Wandering and oscillatory spin. 

^Recovery attempted by simultaneous reversal of rudder with movement of 
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elevator from 4 O 0 C to 17° D. 












































NACA RM No. L7E15 


406 


SCALE MODEL OF THE FAIRCHILD XC -82 AIRPLANE 


Dimensional Data 
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Resume of Model Test Results 

For the clean condition, normal loading, normal control 
configuration for spinning, the model spun at a very steep angle 
of attack (a « 23°) and recovery by rapid full reversal of the 

rudders required 2— turns. Full rapid elevator reversal, or 

simultaneous neutralization or reversal of rudders and elevator, 
led to .satisfactory recoveries (data not presented). The model 
would not spin when the elevator was either neutral or down, 
even though the rudders were set with the spin# 

Setting the ailerons with the spin flattened the spin and 
impaired the recovery characteristics of the model, whereas 
setting ailerons against the spin steepened the spin and improved 
the recovery characteristics. 

Extending or retracting the mass along the wings (Aly and 
Alg * ±0 .40 Ij) had no appreciable effect upon the recovery 
characteristics of the model# With the center of gravity moved 
back 0.10c from its normal position, in conjunction with an 
extension of mass along the fuselage (Aly and AI Z =» 0.52 Iy), 
spins were obtained for all control configurations and recoveries 
were generally satisfactory by rapid full reversal of the rudders. 

The recovery characteristics of the model in the landing 
condition (landing gear extended, flaps down k5°) were, in 
general, similar to the recovery characteristics of the model 
in the clean condition. 

Inverted spins were conducted only for rudders with the 
spin, elevator full down, and controls crossed (data not 
presented) . Recovery obtained by rapid full rudder reversal 
or by neutralizing the rudders was satisfactory. 
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SPIN DATA OBTAINED WITH THE “g^-SCALE MODEL OF THE FAIRCHILD XC-82 AIRPLANE 

(unless otherwise indicated, steady-spin data are for rudder-with spins of the model in the clean condition, 
and recoveries were attempted by rapid full rudder reversal from right erect spinsj 
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'■SCALE MODEL OF THE DOUGLAS DC-3 AIRPLANE 

23.75 


Dimensional Data 
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Resume' of Model Test Results 


For the clean condition, normal loading, and normal control 
configuration for spinning, the model spun steeply (a = 35°) 
and recovery "by rapid full rudder reversal was satisfactory. 
Neither aileron nor elevator setting had any appreciable effect on 
the satisfactory recovery characteristics of the model. 

Extending mass along the wings (Aly and =0.40 I^.) 

produced unsatisfactory recoveries by rapid full rudder reversal 
from the elevator -up spins, ailerons either neutral or full with 
the spin; however, with the elevator in the neutral or full -down 
positions, the model would not spin for any aileron setting. 
Extending mass along the fuselage (Aly and AI^ = 0.25 Iy) 

enabled satisfactory recoveries by rapid full rudder reversal to 
be obtained only when the ailerons were full with the spin or the 
elevator was full up. A forward movement of the center of 
gravity 0.15c from its normal position caused the model to spin 
only for the elevator full up, aileron neutral or full -with setting 
A rearward movement of the center of gravity 0.06g from its 
normal position had little effect on the recovery characteristics 
of the model. 

The model would not spin inverted with the ailerons in the 
neutral position (data not presented) . 

The load factor presented for each spin has been computed as 
the reciprocal of the sine of the angle of attack, based upon 
the assumption that the resultant aerodynamic force in a spin is 
normal to the wing chord. The test results indicated that, in 
general, the load factor probably would not exceed 3* 
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SPIN DATA OBTAINED WITH THE — - ■— - SCALE MODEL OP THE DOUGLAS DC -3 AIRPLANE 
-75 


[unless otherwise indicated, steady-spin data are for rudder with spins of the model in the clean 
condition and recoveries were attempted by rapid full rudder reversal from right erect spins at 
an equivalent test altitude of 10,000 feet] 
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*Too oscillatory to test. 

^Recovery attempted by neutralizing the rudder. 
c Recovery attempted by releasing the rudder. 
^Recovery attempted by releasing the elevator. 


^Recovery attempted by neutralizing the rudder and elevator. 
^Model oscillatory in pitch. 

Ssteep spin or spiral. 
h Two types of spin. 
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ABSTRACT 


A compilation of free— spinning-airplane model data on the spin 
and recovery characteristics of 111 airplanes is presented. These 
data vere previously published in separate memorandum reports and 
were obtained from free-spinning tests in the Langley 15-foot and 
the Langley 20-foot free— spinning tunnels. The model test data pre- 
sented include the steady— spin and recovery characteristics of each 
model for various combinations of aileron and elevator deflections 
and for various loadings and dimensional configurations. Dimensional 
data, mass data, and a three-view drawing of the corresponding free- 
spinning tunnel model are also presented for each airplane. The 
data presented should be of value to designers and should facilitate 
the design of airplanes incorporating satisfactory spin-recovery 
characteristics . 



